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DESCRIPTION 



LIGHT EMITTING ELEMENT AND LIGHT EMITTING DEVICE 

5 TECHNICAL FIELD 

[0001] 

The present invention relates to a light emitting element having a pair of 
electrodes and a layer containing a light emitting substance that emits light by being 
applied with an electric field. Moreover, the invention relates to a light emitting device 
10 having the light emitting element. 

BACKGROUND ART 

[0002] 

A light emitting element formed using a light emitting material has 
15 characteristics such as being thin, lightweight, having high response speed and low 
voltage driving. Therefore, there are high expectations for its application in the 
next-generation flat panel displays. Moreover, it is said that a light emitting device in that 
light emitting elements are arranged in a matrix form has advantages of a wider viewing 
angle and better visibility than a conventional liquid crystal display device. 
20 [0003] 

A basic structure of a light emitting element is a structure in which a layer 
containing an organic compound with a light emitting property (a light emitting layer) is 
interposed between a pair of electrodes. By applying voltage to this light emitting 
element, electrons and holes are respectively transported to the light emitting layer from 
25 the pair of electrodes so that a current flows through the light emitting element. Then, by 
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recombining these carriers (i.e., the electrons and the holes), the organic compound with 
the light emitting property is excited. Upon returning to a ground state from the excited 
state, light is emitted. 
[0004] 

5 As the excited state caused by an organic compound, there are a singlet excited 

state and a triplet excited state. Light emission generated in a singlet excited state is 
referred to as fluorescence and light emission generated in a triplet excited state is 
referred to as phosphorescence. 
[0005] 

10 Such a light emitting element is generally formed to have a thickness of 1 |*m or 

less, for example, 0.1 Jim. This light emitting element has an great advantage of being 
thin and lightweight. Also, since the time it takes from the injection of carriers to light 
emission is about 1 \i second or less, the light emitting element also has an advantage of 
having high response speed. In addition, sufficient light emission can be obtained by a 

15 direct-current voltage of only about several to several tens of volts, so the light emitting 
element requires relatively low power consumption. Because of these advantages, the 
light emitting element has been attracting attention as a next-generation flat panel display 
element. 
[0006] 

20 Moreover, a light emitting element is formed to have a film form. Therefore, by 

forming a large-area light emitting element, light emission in a sheet form can be easily 
obtained. It is difficult to obtain this feature in the case of using a point light source 
typified by a filament lamp or an LED, or a line light source typified by a fluorescent 
lamp. Therefore, the light emitting element has a great utility value as a sheet light source 

25 that is applicable to a lighting and the like. 
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[0007] 

However, the light emitting element has problems of short-term durability and a 
poor heat resistance property. These problems hinder the development of the light 
emitting element. Typically, as disclosed in the non patent document 1, a light emitting 
5 element is generally formed by laminating a thin organic film using an organic 
compound. Therefore, it is thought that the short-term durability of the organic 
compound and the frailty of the thin organic film cause the above described problems. 
[0008] 

On the other hand, there is an attempt to form a light emitting element by using a 
10 layer in which an organic compound and an inorganic compound are mixed, rather than a 
thin organic film. For example, the patent document 1 discloses a light emitting element 
using a light emitting layer in which fluorescent organic molecules are dispersed in metal 
oxide. Further, the patent document 2 discloses a light emitting element formed by 
laminating layers in which an organic compound (a compound with a hole transporting 
15 property, a compound with an electron transporting property, or a compound with a light 
emitting property) is dispersed in silica matrix via covalent bonds. In these documents, it 
is reported that the durability or the heat resistance property of the light emitting elements 
are improved. 
[0009] 

20 In such light emitting elements disclosed in the patent document 1 and 2, 

however, the organic compound is simply dispersed in metal oxide which has an 
insulating property. Therefore, the light emitting elements disclosed in the patent 
document 1 and 2 have a problem in which it is more difficult for the current to flow 
through the light emitting element (i.e., the voltage required to feed a certain amount of 

25 current is increased, that is, the resistance is increased) as compared with a conventional 
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light emitting element. 
[0010] 

The luminance of light emission of these light emitting elements is increased in 
proportion to the density of current flowing through the light emitting elements, thereby 
5 causing a problem that the voltage for obtaining a certain amount of luminance (i.e., 
driving voltage) is increased. This results in an increase in driving voltage along with an 
increase in power consumption, even if long term durability and good heat resistance 
property are obtained by simply dispersing the organic compound in metal oxide. 
[0011] 

10 To inhibit the short circuiting of a light emitting element due to a dust and the 

like, it is effective to increase the thickness of the light emitting element. However, when 
the thickness of a light emitting element disclosed in the patent document 1 or 2 is 
increased, the driving voltage is further increased. That is, increasing the thickness of a 
light emitting element having the conventional structure is practically difficult. 

15 [Non Patent Document 1]: C.W. Tang et al., Applied Physics Letters, vol. 51, No. 12, pp. 
913-915 (1987) 

[Patent Document 1]: Japanese Patent Application Laid-Open No. Hei 2-288092 
[Patent Document 2]: Japanese Patent Application Laid-Open No. 2000-306669 

20 DISCLOSURE OF INVENTION 

[0012] 

In view of the above mentioned problems, it is an object of the present invention 
to provide a light emitting element that contains an organic compound and an inorganic 
compound and has low driving voltage. It is another object of the invention to provide a 
25 light emitting element that can suppress the increase in driving voltage even when the 
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thickness of a layer containing a light emitting substance is increased. It is another object 

s 

of the invention to provide a light emitting device having such a light emitting element. 
[0013] 

As a result of earnest examination, the present inventors found that the above 
5 mentioned problems can be solved by the application of a layer containing both an 
organic compound and an inorganic compound exhibiting an electron accepting property 
with respect to the organic compound, for a light emitting element. 
[0014] 

That is, in an aspect of the present invention, a light emitting element has a 
10 plurality of layers between a pair of electrodes, wherein the plurality of layers include a 
layer that contains a carbazole derivative represented by a general formula (1) and an 
inorganic compound exhibiting an electron accepting property with respect to the 
carbazole derivative represented by the general formula (1). 
[0015] 



R 



1 




(1) 



15 

wherein R 1 represents any one of hydrogen, an alkyl group having 1 to 6 carbon 
atoms, an aryl group having 6 to 25 carbon atoms, a heteroaryl group having 5 to 9 carbon 
atoms, an arylalkyl group and an acyl group having 1 to 7 carbon atoms; 

R 2 represents any one of hydrogen, an alkyl group having 1 to 6 carbon atoms 
20 and a substituent represented by a general formula (2); 

Ar 1 to Ar 6 may be identical to or different from one another, and independently 
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represent either an aryl group having 6 to 25 carbon atoms or a heteroaryl group having 5 
to 9 carbon atoms; and 

X and Y may be identical to or different from each other, and independently 
represent either a bivalent aromatic hydrocarbon group having 6 to 25 carbon atoms or a 
5 bivalent heterocyclic ring group having 5 to 10 carbon atoms. 
[0016] 

. Ar 5 

N Y N (2) 

Ar 4 Ar 6 
[0017] 

In the above structure, the inorganic compound is desirably a substance 
10 exhibiting an electron accepting property with respect to the carbazole derivative 
represented by the general formula (1). Concretely, the inorganic compound is oxide of 
transition metal, in particular, one or more kinds of titanium oxide, vanadium oxide, 
molybdenum oxide, tungsten oxide, rhenium oxide, ruthenium oxide, chromium oxide, 
zirconium oxide, hafnium oxide, tantalum oxide and silver oxide. 
15 [0018] 

In another aspect of the present invention, a light emitting element has a plurality 
of layers between a pair of electrodes, wherein among the plurality of layers, a layer being 
in contact with one of the electrodes contains a carbazole derivative represented by a 
general formula (1) and an inorganic compound exhibiting an electron accepting property 
20 with respect to the carbazole derivative represented by the general formula (1). 
[0019] 
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wherein R 1 represents any one of hydrogen, an alkyl group having 1 to 6 carbon 
atoms, an aryl group having 6 to 25 carbon atoms, a heteroaryl group having 5 to 9 carbon 
atoms, an arylalkyl group and an acyl group having 1 to 7 carbon atoms; 
5 R 2 represents any one of hydrogen, an alkyl group having 1 to 6 carbon atoms 

and a substituent represented by a general formula (2); 

Ar 1 to Ar 6 may be identical to or different from one another, and independently 
represent either an aryl group having 6 to 25 carbon atoms or a heteroaryl group having 5 
to 9 carbon atoms; and 

10 X and Y may be identical to or different from each other, and independently 

represent either a bivalent aromatic hydrocarbon group having 6 to 25 carbon atoms or a 
bivalent heterocyclic ring group having 5 to 10 carbon atoms. 
[0020] 

v Ar 5 

N Y N (2) 

Ar 4 Ar 6 

15 [0021] 

In the above structure, the inorganic compound is desirably a substance 
exhibiting an electron accepting property with respect to the carbazole derivative 
represented by the general formula (1). Concretely, the inorganic compound is oxide of 
transition metal, in particular, one or more kinds of titanium oxide, vanadium oxide, 
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molybdenum oxide, tungsten oxide, rhenium oxide, ruthenium oxide, chromium oxide, 

zirconium oxide, hafnium oxide, tantalum oxide and silver oxide. 

[0022] 

Also, in the above mentioned general formula (1), R 1 is preferably any one of a 
5 methyl group, an ethyl group, a tert-butyl group, a phenyl group, a 4-biphenyl group and 
a 1-naphthyl group. 
[0023] 

In the above mentioned general formula (1), R 2 is preferably either hydrogen or 
a tert-butyl group. Alternatively, R 2 preferably has the structure of the general formula 
10 (2) in which Ar 1 , Ar 2 , Ar 3 and X have the same substituents as Ar 4 , Ar 5 , Ar 6 and Y, 
respectively. 
[0024] 

Further, a carbazole derivative represented by a general formula (3) shown 
below is preferably used among the carbazole derivative represented by the general 
15 formula (1). 
[0025] 

R 1 



(3) 




wherein R 1 represents any one of hydrogen, an alkyl group having 1 to 6 carbon 
atoms, an aryl group having 6 to 25 carbon atoms, a heteroaryl group having 5 to 9 carbon 
20 atoms, an arylalkyl group and an acyl group having 1 to 7 carbon atoms; 
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R 2 represents any of hydrogen, an alkyl group having 1 to 6 carbon atoms and a 
substituent represented by a general formula (4); and 

Ar 1 and Ar 2 may be identical to or different from each other, and independently 
represent either an aryl group having 6 to 25 carbon atoms or a heteroaryl group having 5 
to 9 carbon atoms. 
[0026] 

// w 

X (4) 




[0027] 

In the general formula (3), R 1 is preferably any one of a methyl group, an ethyl 
10 group, a tert-butyl group, a phenyl group, a 4-biphenyl group and a 1-naphthyl group. 
[0028] 

Further, in the general formula (3), R 2 is preferably either hydrogen or a 
tert-butyl group. Alternatively, R 2 preferably has the structure of the general formula (4) 
in which Ar 1 and Ar 2 have the same substituent. 
15 [0029] 

More preferably, a carbazole derivative represented by a general formula (5) is 

used. 
[0030] 
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wherein R 1 represents any one of hydrogen, an alkyl group having 1 to 6 carbon 
atoms, an aryl group having 6 to 25 carbon atoms, a heteroaryl group having 5 to 9 carbon 
atoms, an arylalkyl group and an acyl group having 1 to 7 carbon atoms; and 

R 2 represents any one of hydrogen, an alkyl group having 1 to 6 carbon atoms 
and a substituent represented by a structural formula (6). 
[0031] 





(6) 




[0032] 

10 In the general formula (5), R 1 is preferably any one of a methyl group, an ethyl 

group, a tert-butyl group, a phenyl group, a 4-biphenyl group and a 1-naphthyl group. 
[0033] 

Also, in the general formula (5), R 2 is preferably either hydrogen or a tert-butyl 
group. Alternatively, R 2 preferably has the structure of the general formula (6). 
15 [0034] 

Furthermore, it is preferable to use a carbazole derivative having a structure 
represented by the following general formula (103): 
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[0035] 




(103) 



wherein R 1 represents any one of hydrogen, an alkyl group having 1 to 6 carbon 
atoms, an aryl group having 6 to 25 carbon atoms, a heteroaryl group having 5 to 9 carbon 
atoms, an arylalkyl group and an acyl group having 1 to 7 carbon atoms; and 

R 2 represents any one of hydrogen, an alkyl group having 1 to 6 carbon atoms 
and a substituent represented by a structural formula (104). 
[0036] 

// \ 

V (104) 




[0037] 

In the general formula (103), R 1 is preferably any one of a methyl group, an ethyl 
group, a tert-butyl group, a phenyl group, a 4-biphenyl group and a 1-naphthyl group. 
[0038] 

Also, in the general formula (103), R 2 is preferably either hydrogen or a 
tert-butyl group. Alternatively, R 2 preferably has the structure of the structural formula 
(104). 



WO 2006/059745 PCT/JP2005/022240 

12 

[0039] 

Moreover, the present invention includes a light emitting device having the 
above described light emitting element. The light emitting device in this specification 
indicates an image display device, a light emitting device or a light source (including a 
5 lighting device). In addition, the light emitting device of the present invention includes a 
module in which a panel is attached with a connector such as an FPC (flexible printed 
circuit), a TAB (tape automated bonding) tape and a TCP (tape carrier package); a module 
in which a printed wiring board is provided on the tip of a TAB tape or a TCP; and a 
module in which an IC (integrated circuit) is directly mounted on a light emitting element 
10 by the COG (chip on glass) technique. 
[0040] 

The light emitting element of the present invention has a layer that contains a 
carbazole derivative represented by the general formula (1) and an inorganic compound 
exhibiting an electron accepting property with respect to the carbazole derivative 
15 represented by the general formula (1). Therefore, electrons are transported between the 
carbazole derivative and the inorganic compound so that carriers are generated. Since the 
carriers are generated internally, the driving voltage can be reduced. 
[0041] 

In addition, since the carriers are generated internally, the light emitting element 
20 has an excellent conducting property. Therefore, when a thickness of a layer containing a 
light emitting substance is increased, the increase in driving voltage can be suppressed. 
Consequently, the short circuiting can be prevented and the color purity can be improved 
by an optical design without increasing the driving voltage. 
[0042] 

25 Further, in the light emitting element of the present invention, the layer 
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containing the light emitting substance contains not only an organic compound but also 
an inorganic compound. Therefore, the light emitting element has an excellent heat 
resistance property along with long term durability. 
[0043] 

5 Furthermore, by utilizing the light emitting element of the present invention, a 

light emitting device having less defects along with low power consumption can be 
provided. 

BRIEF DESCRIPTION OF DRAWINGS 
10 FIG. 1 is a diagram explaining a light emitting element of the present invention; 

FIG. 2 is a diagram explaining a light emitting element of the present invention; 
FIGS. 3A to 3C are diagrams explaining light emitting elements of the present 
invention; 

FIGS. 4A to 4C are diagrams explaining light emitting elements of the present 
15 invention; 

FIG. 5 is a diagram explaining a light emitting element of the present invention; 
FIGS. 6A to 6C are diagrams explaining light emitting elements of the present 
invention; 

FIGS. 7A to 7C are diagrams explaining light emitting elements of the present 
20 invention; 

FIGS. 8A and 8B are diagrams explaining a light emitting device; 

FIGS. 9A to 9E are diagrams explaining electronic appliances using light 
emitting devices of the present invention; 

FIG 10 is a diagram explaining a light emitting device of the present invention; 
25 FIG. 11 is a graph showing absorption spectrum of a mixed film containing 
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3,6-bis[N-(4-diphenylaminophenyl)-N-phenylamino]-9-phenylcarbazole and 
molybdenum oxide; 

FIG. 12 is a diagram showing an example of a light emitting element of the 
present invention; 

5 FIG. 13 shows a 'H-NMR chart of 

3.[N-(4-diphenylaminophenyl)-N-phenylamino]-9-phenylcarbazole that is a carbazole 
derivative of the present invention; 

FIG. 14 shows a ! H-NMR chart of 

3-[N-(4-diphenylaminophenyl)-N-phenylamino]-9-phenylcarbazole that is a carbazole 
10 derivative of the present invention; 

FIG. 15 shows a ^-NMR chart of 

3,6-bis[N-(4-diphenylaminophenyl)-N-phenylamino]-9-phenyIcarbazole that is a 
carbazole derivative of the present invention; 

FIG. 16 shows a ^-NMR chart of 

15 3,6-bis[N-(4-diphenylaminophenyl)-N-phenylamino]-9-phenylcarbazole that is a 
carbazole derivative of the present invention; 

FIG. 17 is a graph showing results of thermogravimetric measurement of 
3-[N-(4-diphenylaminophenyl)-N-phenylamino]-9-phenylcarbazole that is a carbazole 
derivative of the present invention; 
20 FIG. 18 is a graph showing results of thermogravimetric measurement of 

3,6-bis[N-(4-diphenylaminophenyl)-N-phenylamino]-9-phenylcarbazole that is a 
carbazole derivative of the present invention; 

FIG. 19 is a graph showing absorption spectrum of a mixed film containing 
3- [N-(4-diphenylaminophenyl)-N-phenylamino] -9-pheny Icarbazole and molybdenum 
25 oxide; 
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FIG. 20 is a graph showing absorption spectrum of a mixed film containing 

i 

3- [N-(4-dipheny laminophenyl)-N-(l -naphthyl)amino] -9-phenylcarbazole and 
molybdenum oxide; 

FIG. 21 is a graph showing absorption spectrum of a mixed film containing 
5 3 ? 6-bis[N-(4-diphenylaminophenyl)-N-(l-naphthyl)amino]-9-phenylcarbazole and 
molybdenum oxide; 

FIG. 22 shows a ^-NMR chart of N-(4-diphenylaminophenyl)-N-(l-naphthyl) 

amine; 

FIG. 23 shows a 1 H-NMR chart of N-(4-diphenylaminophenyl)-N-(l-naphthyl) 

10 amine; 

FIG. 24 shows a 13 C-NMR chart of N-(4-diphenylaminophenyl)-N-(l-naphthyl) 

amine; 

FIG. 25 shows a ! H-NMR chart of 

3-[N-(4-diphenylaminophenyl)-N-(l-naphthyl)amino]-9-phenylcarbazole; 
15 FIG. 26 shows a X H-NMR chart of 

3- [N-(4-diphenylaminophenyl)-N-(l-naphthyl)amino] -9-phenylcarbazole; 

FIG. 27 shows a ^-NMR chart of 

3,6-bis[N-(4-diphenylaminophenyl)-N-(l-naphthyl)amino]-9-phenylcarbazole; 

FIG. 28 shows a ^-NMR chart of 

20 3,6-bis[N-(4-diphenylaminophenyl)-N-(l-naphthyl)amino]-9-phenylcarbazole; 

FIG. 29 is a graph showing a luminance-voltage characteristic of a light emitting 
element of Embodiment 10; 

FIG. 30 is a graph showing a luminance-current efficiency characteristic of the 
light emitting element of Embodiment 10; 
25 FIG. 31 is a graph showing light emission spectrum of the light emitting element 
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of Embodiment 10; 

FIG. 32 is a graph showing a luminance-voltage characteristic of a light emitting 
element of Embodiment 1 1 ; 

FIG. 33 is a graph showing a luminance-current efficiency characteristic of the 
5 light emitting element of Embodiment 11; 

FIG. 34 is a graph showing light emission spectrum of the light emitting element 
of Embodiment 11; 

FIG. 35 is a graph explaining the light emitting element of Embodiment 10; 
FIG. 36 is a graph explaining the light emitting element of Embodiment 11; and 
10 FIG 37 is a diagram explaining a light emitting element of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0044] 

The embodiment modes according to the present invention will hereinafter be 
15 described in detail with reference to the drawings. It is easily understood by those skilled 
in the art that the embodiment modes and details herein disclosed can be modified in 
various ways without departing from the purpose and the scope of the invention. The 
present invention should not be interpreted as being limited to the description of the 
embodiment modes to be given below. 
20 [0045] 

Further, within a pair of electrodes of a light emitting element of the present 
invention, one electrode serving as an anode emits light when being applied with a 
voltage such that a voltage of this electrode is higher than the other electrode, and the 
other electrode serving as a cathode emits light when being applied with a voltage such 
25 that a voltage of this electrode is lower than the other electrode serving as the anode. 
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[0046] 

[Embodiment Mode 1] 

In Embodiment Mode 1, a light emitting element of the present, invention will 
be described with reference to FIG 1. 
5 [0047] 

The light emitting element as shown in FIG 1 has a structure in which a layer 
103 containing a light emitting substance is interposed between a first electrode 101 and a 
second electrode 102. The layer 103 containing the light emitting substance includes a 
first layer 111 containing a carbazole derivative represented by a general formula (1) and 
10 an inorganic compound exhibiting an electron accepting property with respect to the 
carbazole derivative represented by the general formula (1). 
[0048] 

The carbazole derivative represented by the general formula (1), in particular, 
has an excellent hole injecting property and an excellent hole transporting property. 

15 Therefore, the layer containing the carbazole derivative represented by the general 
formula (1) and the inorganic compound exhibiting an electron accepting property with 
respect to the carbazole derivative represented by the general formula (1) is preferably 
provided as a layer having a hole transporting property. That is, the first layer 111 
containing the carbazole derivative represented by the general formula (1) and the 

20 inorganic compound exhibiting an electron accepting property with respect to the 
carbazole derivative represented by the general formula (1) is preferably provided to be 
closer to the anode than the light emitting layer. In Embodiment Mode 1, a case where the 
first layer 111 is provided to be in contact with the first electrode 101 serving as an anode 
will be described. 

25 [0049] 
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The first layer 111 contains the carbazole derivative represented by the general 
formula (1) and the inorganic compound exhibiting the electron accepting property with 
respect to the carbazole derivative represented by the general formula (1). Since the 
carbazole derivative represented by the general formula (1) has an excellent hole 
5 injecting property along with an excellent hole transporting property, the first layer 111 is 
preferably provided to be in contact with the first electrode 101. 
[0050] 

The carbazole derivative contained in the first layer 111 has a structure 
represented by the general formula (1). 
10 [0051] 



R 



1 




0) 



wherein R 1 represents any one of hydrogen, an alkyl group having 1 to 6 carbon 
atoms, an aryl group having 6 to 25 carbon atoms, a heteroaryl group having 5 to 9 carbon 
atoms, an arylalkyl group and an acyl group having 1 to 7 carbon atoms; 
15 R 2 represents any one of hydrogen, an alkyl group having 1 to 6 carbon atoms 

and a substituent represented by a general formula (2); 

Ar 1 to Ar 6 may be identical to or different from one another, and independently 
represent either an aryl group having 6 to 25 carbon atoms or a heteroaryl group having 5 
to 9 carbon atoms; and 

20 X and Y may be identical to or different from each other, and independently 

represent either a bivalent aromatic hydrocarbon group having 6 to 25 carbon atoms or a 
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bivalent heterocyclic ring group having 5 to 10 carbon atoms. 
[0052] 

Ar 5 

N Y N (2) 

Ar 4 Ar 6 

[0053] 

5 Specifically, as the alkyl group having 1 to 6 carbon atoms, a methyl group, an 

ethyl group, an n- propyl group, an n-butyl group, an n-hexyl group and the like can be 
given. Also, a branched alkyl group such as an iso-propyl group and a tert-butyl group 
may be used. 
[0054] 

10 As the aryl group having 6 to 25 carbon atoms, specifically, a phenyl group, a 

4-biphenyl group, a 1-naphthyl group, a 2-naphthyl group, a 9-antolyl group, a 
9-phenanthryl group, a 1-pyrenyl group, a 9,9 , -dimethyl-2-fluorenyl group, a 
spiro-9,9'-bifluorene-2-yl group and the like can be given. Also, an aryl group having a 
substituent such as an m-tolyl group, a p-tolyl group, a 2-fluorophenyl group, a 

15 3-fluorophenyl group and a 4-fluorophenyl group may be used. 
[0055] 

As the heteroaryl group having 5 to 9 carbon atoms, specifically, a 2-pyridyl 
group, a 8-quinolyl group, a 3-quinolyl group and the like can be given. 
[0056] 

20 As the arylalkyl group, specifically, a benzyl group and the like can be given. 

[0057] 

As the acyl group having 1 to 7 carbon atoms, specifically, an acetyl group, a 
benzoyl group, a propionyl group and the like can be given. 
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[0058] 

i 

Further, as the bivalent aromatic hydrocarbon group having 6 to 25 carbon atoms, 
specifically, bivalent aromatic hydrocarbon groups represented by the following 
structural formulas (7) to (18) can be given. 
[0059] 
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[0060] 

As the bivalent heterocyclic ring group having 5 to 10 carbon atoms, specifically, 
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bivalent heterocyclic ring groups represented by the following structural formulas (19) to 

(24) can be given. 

[0061] 



(19) 



F 



(22) 




5 [0062] 

In the above mentioned general formula (1), R 1 is preferably any one of a methyl 
group, an ethyl group, a tert-butyl group, a phenyl group, a 4-biphenyl group and a 
1-naphthyl group. 
[0063] 

10 In the above mentioned general formula (1), R 2 is preferably hydrogen or a 

tert-butyl group. Alternatively, R 2 preferably has the structure of the general formula (2) 
in which Ar 1 , Ar 2 , Ar 3 and X have the same substituents as Ar 4 , Ar 5 . Ar 6 and Y, 
respectively. When Ar 1 , Ar 2 , Ar 3 , and X have the same substituents as Ar 4 , Ar 5 , Ar 6 and Y, 
respectively, since the same substituents may be bonded to a carbazole skeleton, synthesis 

15 is performed easily. 
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[0064] 

Further, among carbazole derivatives having the structure represented by the 
general formula (1), a carbazole derivative having a structure represented by a general 
formula (3) can be easily synthesized, and therefore it is preferable. 

R 1 



(3) 




wherein R 1 represents any one of hydrogen, an alkyl group having 1 to 6 carbon 
atoms, an aryl group having 6 to 25 carbon atoms, a heteroaryl group having 5 to 9 carbon 
atoms, an arylalkyl group and an acyl group having 1 to 7 carbon atoms; 

R 2 represents any one of hydrogen, an alkyl group having 1 to 6 carbon atoms 
10 and a substituent represented by a general formula (4); and 

Ar 1 and Ar 2 may be identical to or different from each other, and independently 

r 

represent either an aryl group having 6 to 25 carbon atoms or a heteroaryl group having 5 
to 9 carbon atoms. 




Ar 2 

15 [0065] 



Vo-x <4 » 




In the general formula (3), R 1 is preferably any one of a methyl group, an ethyl 
group, a tert-butyl group, a phenyl group, a 4-biphenyl group and a 1-naphthyl group. 
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[0066] 

Also, in the general formula (3), R is preferably either hydrogen or a tert-butyl 
group. Alternatively, R 2 preferably has a structure of a general formula (4) in which Ar 1 
and Ar 2 preferably have the same structure. 
[0067] 

In particular, a carbazole derivative having a structure as represented by a 
general formula (5) is more preferable. 

R 1 



(5) 




wherein R 1 represents any one of hydrogen, an alkyl group having 1 to 6 carbon 
atoms, an aryl group having 6 to 25 carbon atoms, a heteroaryl group having 5 to 9 carbon 
atoms, an arylalkyl group and an acyl group having 1 to 7 carbon atoms; and 

R 2 represents any one of hydrogen, an alkyl group having 1 to 6 carbon atoms 
and a substituent represented by a structural formula (6): 





(6) 




In the general formula (5), R 1 is preferably any one of a methyl group, an ethyl 
group, a tert-butyl group, a phenyl group, a 4-biphenyl group and a 1-naphthyl group. 
[0069] 
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25 

Also, in the general formula (5), R 2 is preferably either hydrogen or a tert-butyl 
group, or R 2 preferably has a structure of the structural formula (6). 
[0070] 

Moreover, it is more preferable to use a carbazole derivative having a structure 
as represented by the following general formula (103): 

R 1 



(103) 




wherein R 1 represents any one of hydrogen, an alkyl group having 1 to 6 carbon 
atoms, an aryl group having 6 to 25 carbon atoms, a heteroaryl group having 5 to 9 carbon 
atoms, an arylalkyl group and an acyl group having 1 to 7 carbon atoms; and 

R 2 represents any one of hydrogen, an alkyl group having 1 to 6 carbon atoms 
and a substituent represented by a structural formula (104): 




(104) 



[0071] 

In the general formula (103), R 1 is preferably any one of a methyl group, an ethyl 
group, a tert-butyl group, a phenyl group, a 4-biphenyl group and a 1-naphthyl group. 
[0072] 
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Also, in the general formula (103), R 2 is preferably either hydrogen or a 

2 * 

tert-butyl group, or, R preferably has a structure of the structural formula (104). 
[0073] 

As an inorganic compound included in the first layer 111, transition metal is 
5 preferably used. Specifically, titanium oxide, vanadium oxide, molybdenum oxide, 
tungsten oxide, rhenium oxide, ruthenium oxide, chromium oxide, zirconium oxide, 
hafnium oxide, tantalum oxide, silver oxide and the like can be given. Each of the 
transition metal oxide is a substance exhibiting an electron accepting property with 
respect to the carbazole derivative represented by the general formula (1) and accepts 

10 electrons from the carbazole derivative represented by the general formula (1) and 
generates holes. Since the carbazole derivative represented by the general formula (1) 
has an excellent hole transporting property, the carbazole derivative can transport the 
generated holes efficiently. Consequently, the driving voltage of the light emitting 
element can be reduced. 

15 [0074] 

Further, since carriers are internally generated in the first layer 111, the first layer 
111 has a high conducting property. Therefore, when the thickness of the first layer 111 is 
increased, the increase in driving voltage can be suppressed. As a consequence, the 
short-circuiting of the light emitting element can be suppressed, and the color purity can 
20 be improved by an optical design without increasing the driving voltage. 
[0075] 

Furthermore, since the light emitting element of the present invention contains 
not only the organic compound but also the inorganic compound, this light emitting 
element has long term durability along with an excellent heat resistance property. 
25 [0076] 
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The second layer 112 has a light emitting function. The second layer 112 may 

i 

include either a single layer or a plurality of layers. For example, the second layer 112 
may be formed by freely combining various layers having various kinds of functions such 
as an electron injecting layer, an electron transporting layer, a hole blocking layer, a hole 
5 transporting layer and a hole injecting layer, in addition to the light emitting layer. Also, 
the second layer 112 can be formed by using a known material. A low molecular weight 
material and a high molecular weight material can be used. Further, as a material used for 
forming the second layer 112, an organic compound material and an organic compound 
material that partly contains an inorganic compound can be used. 
10 [0077] 

Furthermore, since the first layer 111 serves as a hole injecting layer, a hole 
injecting layer may not be provided in the second layer 112 in this embodiment mode. 
[0078] 

As a material with a hole injecting property that is used for forming the hole 
15 injecting layer, a know material can be used. Specifically, metal oxide such as vanadium 
oxide, molybdenum oxide, ruthenium oxide and aluminum oxide is preferably used. Also, 
a porphyrin compound is effectively used in the case of an organic compound, and 
phthalocyanine (abbreviation: Hb-Pc), copper phthalocyanine (abbreviation: Cu-Pc) and 
the like can be used. A conductive high molecular weight compound that is subjected to 
20 chemical doping can be given. Specifically, polyethylenedioxythiophene (abbreviation: 
PEDOT) doped with polystyrene sulfonate (abbreviation: PSS), polyaniline 
(abbreviation: PAni) or the like can be used. 
[0079] 

As a material with a hole transporting property that is used for forming a hole 
25 transporting layer, a known material can be used. An aromatic amine (i.e., having a 
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benzene ring-nitrogen bond) compound is given as a preferable material. As materials 
widely used for forming the hole transporting layer, 
4,4'-bis[N-(3-methylphenyl)-N-phenyl-amino]-biphenyl (abbreviation: TPD); 
4,4'-bis[N-(l-naphthyl)-N-phenyl-amino]-biphenyl (abbreviation: NPB) that is a 
5 derivative of TPD; and a starburst aromatic amine compound such as 
4 ? 4 , 5 4"-tris(N,N-diphenyl-amino)-triphenylamine (abbreviation: TDATA) and 
4,4 , ,4 lf -tris[N-(3-methylphenyl)-N-phenyl-amino]-triphenylamine (abbreviation: 
MTDATA) can be given. 
[0080] 

10 The light emitting layer contains a substance with a light emitting property. The 

substance with a light emitting property is herein a substance that has an excellent light 
emitting efficiency and can emit light with a predetermined wavelength. Although the 
light emitting layer is not particularly limited, the light emitting layer is preferably one in 
that a substance with a light emitting property is dispersed in a layer formed using a 

15 substance having a larger energy gap than that of the substance with the light emitting 
property. This layer can prevent light emitted from the substance with the light emitting 
property from going out due to the concentration of the substance with the light emitting 
property. Further, the energy gap indicates an energy gap between the LUMO level and 
the HOMO level. 

20 [0081] 

The substance with the light emitting property used for forming a light emitting 
layer is not particularly limited. A substance having an excellent light emitting efficiency 
that can emit light with a predetermined emission wavelength may be used. In order to 
emit red light, for example, the following substances exhibiting emission spectrum with 
25 peaks at 600 to 680 nm can be employed: 
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4-dicyanomethylene-2-isopropyl-6-^ 

s 

yran (abbreviation: DCJTI); 

4-dicyanomethylene-2-methyl-6-[2-(l,l,7,7-teto^ 

an (abbreviation; DCJT); 

5 4-dicyanomethylene-2-tert-butyl-6-[2^ 

yran (abbreviation: DCJTB); periflanthene; 

2 ? 5-dicyano-l,4-bis[2-(10-methoxy-l,l,7,7-tetraniethyljulolidine-9-yl)etheny]] benzene; 
and the like. In order to obtain green light emission, substances exhibiting emission 
spectrum with peaks at 500 to 550 nm such as N,N'-dimethylquinacridon (abbreviation: 

10 DMQd), coumarin 6, coumarin 545T, and tris(8-quinolinolate) aluminum (abbreviation: 
Alq3) can be employed. In order to obtain blue light emission, the following substances 
exhibiting emission spectrum with peaks at 420 to 500 nm can be employed: 
9,10-bis(2-naphthyl)-tert-butylanthracene (abbreviation: t-BuDNA); 9,9'-bianthryl; 
9, 10-dipheny lanthracene (abbreviation : DPA); 9, 10-bis(2-naph thyl) anthracene 

15 (abbreviation: DNA); bis(2-methyl-8-quinolinolate)-4-phenylphenolate-gallium 
(abbreviation: BGaq); bis(2-methyl-8-quinolinolate)-4-phenylphenolate-aluminum 
(abbreviation: BAlq); and the like. In addition to the above mentioned fluorescing 
substances, the following phosphorescent substances can be used as substances with the 
light emitting properties: 

20 bis[2-(3,5-bis(trifluoromethyl)phenyl)pyridinato-N,C 2? ]iridium(III) picolinate 
(abbreviation: Ir(CF 3 ppy) 2 (pic)); bis[2-(4,6-difluorophenyl)pyridinato-N, C 2 '] 
iridium(III) acetylacetonate (abbreviation: Flr(acac)); 

bis[2-(4,6-difluorophenyl)pyridinato-N,C 2, ]iridium(III) picolinate (FIr(pic)); 
tris(2-phenylpyridinato-N, C 2 ') iridium (abbreviation: Ir(ppy) 3 ); and the like. 

25 [0082] 
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A substance used for dispersing a substance with a light emitting property is not 
particularly limited. For example, an anthracene derivative such as 
9,10-di(2-naphthyl)-24ert-butylanthracene (abbreviation: t-BuDNA), a carbazole 
derivative such as 4,4'-bis(N-carbazolyl) biphenyl (abbreviation: CBP), a metal complex 
5 such as bis[2-(2-hydroxyphenyl)pyridinato] zinc (abbreviation: Znpp 2 ) and 
bis[2-(2-hydroxyphenyl)benzoxazolato] zinc (abbreviation: ZnBOX), and the like can be 
used. 
[0083] 

As a material with an electron transporting property that is used for forming an 
10 electron transporting layer, a known material can be used. Specifically, a representative 

metal complex such as tris(8-quinolinolato) aluminum (abbreviation: Alq3); 

tris(4-methyl-8-quinolinolato) aluminum (abbreviation: Almq 3 ); 

bis(10-hydroxybenzo[h]-quinolinato) beryllium (abbreviation: BeBq 2 ); 

bis(2-methyl-8-quinolinolato)-(4-hydroxy-biphenyl)-aluminum (abbreviation: BAlq); 
15 bis[2-(2-hydroxyphenyl)-benzoxazolate] zinc (abbreviation: Zn(BOX) 2 ); and 

bis[2-(2-hydroxyphenyl)-benzothiazolate] zinc (abbreviation: Zn(BTZ) 2 ) can be given. 

In addition, a hydrocarbon compound such as 9,10-diphenylanthracene and 

4,4'-bis(2,2-diphenylethenyl) biphenyl is preferably employed. Additionally, a triazole 

derivative such as 

20 3-(4-tert-butylphenyl)-4-(4-ethylphenyl)-5-(4-biphenyl)-l,2,4-triazole; a phenanthroline 

derivative such as bathophenanthroline and bathocuproin may be used. 

[0084] 

As a material with an electron injecting property that is used for forming an 
electron injecting layer, a known material can be used. Specifically, alkali metal salt and 
25 alkali earth metal salt such as calcium fluoride, lithium fluoride, lithium oxide and 
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lithium chloride are preferable. Alternatively, a material with an electron transporting 

t 

property to which a donor compound such as lithium is added, for example, 
tris(8-quinolinolato) aluminum (abbreviation: Alq 3 ) and bathocuproin (abbreviation: 
BCP) and the like can be employed. 
5 [0085] 

In this embodiment mode, a dopant that contributes to light emission is added 
only to the light emitting layer and light emitted from the dopant is only observed. 
However, a dopant exhibiting different light emission may be added to, for example, an 
electron transporting layer or a hole transporting layer. When a color of light emitted 
10 from the light emitting layer and a color of light emitted from the dopant added to the 
other layer are complementary to each other, white light emission can be obtained. 
[0086] 

By changing the kinds of the first electrode 101 and the second electrode 102, 
there are different variations in the light emitting element of this embodiment mode. 
15 Schematic views of the variations are shown in FIGS. 3A to 3C and FIGS. 4A to 4C. 
Further, the reference numerals used in FIG. 1 are also used in FIGS. 3 A to 3C and FIGS. 
4A to 4C. Moreover, reference numeral 100 represents a substrate for supporting a light 
emitting element of the present invention. 
[0087] 

20 Each of FIGS. 3A to 3C shows an example in that the first layer 111 and the 

second layer 112 included in the layer 103 containing a light emitting substance are 
laminated in this order over the substrate 100. In this case, when the first electrode 101 is 
formed using a material having a light transmitting property and the second electrode 102 
is formed using a material having a light shielding property (in particular, light reflecting 

25 property), light can be emitted through the substrate 100 as shown in FIG. 3A. Also, 
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when the first electrode 101 is formed using a material with a light shielding property (in 
particular, light reflecting property) and the second electrode 102 is formed using a 
material having a light transmitting property, light can be emitted through the opposite 
side of the substrate 100 as shown in FIG. 3B. Further, when the first electrode 101 and 
5 the second electrode 102 are both formed using a material having a light transmitting 
property, light can be emitted toward both the substrate 100 and the opposite side of the 
substrate as shown in FIG. 3C. 
[0088] 

Each of FIGS. 4 A to 4C shows an example in that the second layer 112 and the 
10 first layer 111 included in the layer 103 containing a light emitting substance are 
laminated in this order over the substrate 100. In this case, when the first electrode 101 is 
formed using a material having a light shielding property (in particular, light reflecting 
property) and the second electrode 102 is formed using a material having a light 
transmitting property, light can be emitted through the substrate 100 as shown in FIG. 4A. 
15 When the first electrode 101 is formed using a material having a light transmitting 
property and the second electrode 102 is formed using a material having a light shielding 
property (in particular, light reflecting property), light can be emitted through the 
opposite side of the substrate 100 as shown in FIG. 4B. Further, when the first electrode 
101 and the second electrode 102 are both formed using a material having a light 
20 transmitting property, light can be emitted toward both the substrate 100 and the opposite 
side of the substrate 100 as shown in FIG. 4C. 
[0089] 

In the light emitting element of the present embodiment mode, since the first 
layer 111 contains a carbazole derivative represented by the general formula (1) and an 
25 inorganic compound exhibiting an electron accepting property with respect to the 
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carbazole derivative represented by the general formula (1), the first layer 111 exhibits 
extremely excellent hole injecting and transporting properties. Therefore, the increase in 
driving voltage can be suppressed even when the thickness of the first layer 111 is 
increased. As a consequence, the short-circuiting of the light emitting element can be 
5 prevented while suppressing the increase in driving voltage. Moreover, since the color 
purity is improved by an optical design, the thickness of the first layer 111 can be freely 
set. 
[0090] 

Furthermore, in the case where the second layer 112 and the first layer 111 are 
10 sequentially formed over the second electrode 102 and then the first electrode 101 is 
formed thereover by sputtering as shown in FIGS. 4A to 4C, it is possible to avoid 
damage to the second layer 112 in which the substance with the light emitting property 
exists. 

[Embodiment Mode 2] 
15 [0091] 

The layer, which contains a carbazole derivative represented by the general 
formula (1) and an inorganic compound exhibiting an electron accepting property with 
respect to the carbazole derivative represented by the general formula (1), is provided to 
be in contact with the anode in Embodiment Mode 1. Alternatively, Embodiment Mode 2 

20 will describe a case in that the layer, which contains a carbazole derivative represented by 
the general formula (1) and an inorganic compound exhibiting an electron accepting 
property with respect to the carbazole derivative represented by the general formula (1), 
is provided between an anode and a light emitting layer so as not to be in contact with the 
anode. 

25 [0092] 
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An example of a structure of a light emitting element of the present invention 
will be shown in FIG. 2. A layer 303 containing a light emitting substance is interposed 
between a first electrode 301 and a second electrode 302. The layer 303 containing the 
light emitting substance includes a structure in that a first layer 311, a second layer 312 
5 and a third layer 313 are laminated in this order. 
[0093] 

The first layer 311 has a function of injecting holes. As a material with a hole 
injecting property used for forming a hole injecting layer, a know material can be used. 
Specifically, the materials as shown in Embodiment Mode 1 can be used. 
10 [0094] 

The second layer 312 contains a carbazole derivative represented by the general 
formula (1) and an inorganic compound exhibiting an electron accepting property with 
respect to the carbazole derivative represented by the general formula (1). The same 
structure as the first layer 111 shown in Embodiment Mode 1 can be applied to the second 
15 layer 312. 
[0095] 

The third layer 313 has a function of emitting light. The same structure as the 
second layer 112 shown in Embodiment Mode 1 can be applied to the third layer 313. 
[0096] 

20 By utilizing the above mentioned structure, the increase in driving voltage can 

be suppressed even when the thickness of the second layer 312 is increased. As a result, 
the short-circuiting of the light emitting element can be prevented and the color purity can 
be improved by an optical adjustment while suppressing the increase in driving voltage. 
[0097] 

25 [Embodiment Mode 3] 
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In this embodiment mode, a light emitting element having a different structure 

i 

from those in Embodiment Mode 1 will be described with reference to FIG. 5. 
[0098] 

FIG. 5 shows an example of a structure of the light emitting element of the 
5 present invention. A layer 203 containing a light emitting substance is interposed 
between a first electrode 201 and a second electrode 202. The layer 203 containing the 
light emitting substance includes a first layer 211, a second layer 212, a third layer 213 
and a fourth layer 214 that are laminated in this order. 
[0099] 

10 The light emitting element of this embodiment mode is operated as follows. 

When a voltage is applied to the light emitting element such that a potential of the first 
electrode 201 is higher than that of the second electrode 202, holes are injected in the 
second electrode 202 from the fourth layer 214 while electrons are injected in the second 
layers 212 from the third layer 213. Further, holes are injected in the first layer 211 from 

15 the first electrode 201 and holes are injected in the second layer 212 from the first layer 
211. The holes injected from the first layer 211 and the electrons injected from the third 
layer 213 are recombined in the second layer 212 so that the substance with the light 
emitting property is excited. Then, the light emitting substance emits light upon returning 
to a ground state from the excited state. 

20 [0100] 

The same structures as the first electrode 101, the second electrode 102, the first 
layer 111 and the second layer 112 of Embodiment Mode 1 can be applied to the first 
electrode 201, the second electrode 202, the first layer 211 and the second layer 212. 
That is, the first electrode can be formed using a known material. The first layer 211 
25 contains a carbazole derivative represented by the general formula (1) and an inorganic 
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compound exhibiting an electron accepting property with respect to the carbazole 
derivative represented by the general formula (1). The second layer 212 contains a 
substance having a light emitting property. 
[0101] 

5 The third layer 213 is a layer containing a material having a donor level that 

generates electrons. As the third layer, for example, a layer that contains a substance with 
an electron transporting property and a substance exhibiting an electron donating 
property with respect to the substance with the electron transporting property can be 
given. The substance with the electron transporting property mentioned here is a 

10 substance of which an electron transporting property is stronger than a hole transporting 
property. The substance with the electron transporting property is not particularly limited. 
For example, a metal complex such as tris(8-quinolinolato) aluminum (abbreviation: 
Alq 3 ); tris(4-methyl-8-quinolinolato) aluminum (abbreviation: Almq 3 ); 
bis(10-hydroxybenzo[h]-quinolinato) beryllium (abbreviation: BeBq 2 ); 

15 bis(2-methyl-8-quinolinolato)-4-phenylphenolate-aluminum (abbreviation: BAlq); 
bis[2-(2-hydroxyphenyl)benzoxazolate] zinc (abbreviation: Zn(BOX) 2 ); and 
bis[2-(2-hydroxyphenyl)benzothiazolate] zinc (abbreviation: Zn(BTZ)2) can be given. In 
addition, the following substances can be used as the substance with the electron 
transporting property: 2-(4-biphenylyl)-5-(4-tert-butylphenyl)-l,3,4-oxadiazole 

20 (abbreviation: PBD); l,3-bis[5-(p-tert-butylphenyl)-l,3,4-oxadiazole-2-yl] benzene 
(abbreviation: OXD-7); 3-(4-tert-butylphenyl)-4-phenyl-5-(4-biphenylyl)-l,2,4-triazole 
(abbreviation : TAZ) ; 

3-(4-tert-butylphenyl)-4-(4-ethylphenyl)-5-(4-biphenylyl)-l,2,4-triazole (abbreviation: 
p-EtTAZ); bathophenanthroline (abbreviation: BPhen); bathocuproin (abbreviation: 

25 BCP); and the like. The substance exhibiting the electron donating property with respect 
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to the substance with the electron transporting property is not particularly limited. For 
example, alkali metal such as lithium and cesium, alkali earth metal such as magnesium 
and calcium, rare earth metal such as erbium and ytterbium and the like can be used. Also, 
a substance selected from alkali metal oxide and alkali earth metal oxide such as lithium 
5 oxide (Li 2 0), calcium oxide (CaO), sodium oxide (Na 2 0), kalium oxide (K 2 0) and 
magnesium oxide (MgO) may be used as the substance exhibiting the electron donating 
property with respect to the substance with the electron transporting property. Further, 
the alkali metal oxide, alkali earth metal oxide and the like have low reactivity so that 
they are easily handled. The third layer 213 preferably contains the substance exhibiting 

10 the electron donating property with respect to the substance with the electron transporting 
property such that the molar ratio of the substance exhibiting the electron donating 
property to the substance with the electron transporting property (i.e., the substance 
exhibiting the electron donating property with respect to the substance with the electron 
transporting property / the substance with the electron transporting property) is 0.5 to 2. 

15 Further, the third layer 213 may includes an n-type semiconductor such as zinc oxide, 
zinc sulfide, zinc selenide, tin oxide and titanium oxide. 
[0102] 

The fourth layer 214 contains the carbazole derivative represented by the general 
formula (1) and an inorganic compound exhibiting an electron accepting property with 

20 respect to the carbazole derivative represented by the general formula (1). Therefore, the 
inorganic compounds given in Embodiment Mode 1 can be used for the inorganic 
compound contained in the fourth layer. Further, the same inorganic compound 
contained in the first layer 211 may be used, or an inorganic compound different from the 
inorganic compound contained in the first layer 211 may be used as the inorganic 

25 compound contained in the fourth layer 214. 
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[0103] 

By utilizing the above mentioned structure, when the voltage is applied to the 
light emitting element, the electrons are transported in the vicinity of an interface between 
the third layer 213 and the fourth layer 214 so that the electrons and the holes are 
5 generated, as shown in FIG. 5. The third layer 213 transports the electrons to the second 
layer 212 while the fourth layer 214 transports the holes to the second electrode 202. That 
is, a combination of the third layer 213 and the fourth layer 214 serves as a carrier 
generating layer. Also, it can be said that the fourth layer 214 has a function of 
transporting the holes to the second electrode 202. Further, when another second layer 
10 and another third layer are also laminated between the fourth layer 214 and the second 
electrode 202, a multiphoton light emitting element can be formed. 
[0104] 

Furthermore, since each of the first layer 211 and the fourth layer 214 contains a 
carbazole derivative represented by the general formula (1) and an inorganic compound 

15 exhibiting an electron accepting property with respect to the carbazole derivative 
represented by the general formula (1), the first and fourth layers have extremely strong 
hole injecting and transporting properties. Therefore, the increase in driving voltage can 
be suppressed even when the thicknesses of the first layer 211 and the fourth layer 214 are 
increased. Thus, in the light emitting element of this embodiment mode, the thicknesses 

20 of both the first layer 211 and the fourth layer 214 can be significantly increased. That is, 
a distance between the first electrode and the second electrode can be increased. In 
addition, the short-circuiting of the light emitting element can be effectively prevented. 
Moreover, to improve the color purity by an optical design, the thicknesses of layers on 
the both sides of the second layer 212 can be freely set. Additionally, when the first 

25 electrode 201 or the second electrode 202 is formed by sputtering after forming the layer 
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203 containing the light emitting substance, it is possible to reduce damage to the second 
layer 212 in which the substance with the light emitting property exists. Furthermore, by 
forming the first layer 211 and the fourth layer 214 using the same material, the layers of 
the both sides of the layer 203 containing the light emitting substance will be formed 
5 using the same material, and there are expectations for an effect of suppressing stress 
distortion. 
[0105] 

Further, in the light emitting element of the present embodiment mode, by 
changing the kinds of the first electrode 201 and the second electrode 202, there are many 
10 variations in the light emitting element. Schematic views of the variations are shown in 
FIGS. 6Ato 6C and FIGS. 7Ato 7C. The reference numerals used in FIG. 5 are also used 
in FIGS. 6Ato 6C and FIGS. 7Ato 7C. Reference numeral 200 represents a substrate for 
supporting a light emitting element of the present invention. 
[0106] 

15 Each of FIGS. 6A to 6C shows an example in which a layer 203 containing a 

light emitting substance includes a first layer 211, a second layer 212, a third layer 213 
and a fourth layer 214 that are laminated in this order beginning from the side of the 
substrate 200. In this case, when the first electrode 201 is formed using a material with a 
light transmitting property and the second electrode 202 is formed using a material with a 

20 light shielding property (in particular, light reflecting property), light can be emitted 
through the substrate 200 as shown in FIG 6 A. When the first electrode 201 is formed 
using a material with a light shielding property (in particular, light reflecting property) 
and the second electrode 202 is formed using a material with a light transmitting property, 
light can be emitted through the opposite side of the substrate 200 as shown in FIG 6B. 

25 Further, when the first electrode 201 and the second electrode 202 are both formed using 
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a material having a light transmitting property, light can be emitted through both the 

substrate 200 and the opposite side of the substrate, as shown in FIG. 6C. 

[0107] 

Each of FIGS. 7 A to 7C shows an example in which a layer 203 containing a 
5 light emitting substance includes a fourth layer 214, a third layer 213, a second layer 212 
and a first layer 211 that are laminated in this order beginning from the side of the 
substrate 200. In this case, when the first electrode 201 is formed using a material with a 
light shielding property (in particular, light reflecting property) and the second electrode 
202 is formed using a substance with a light transmitting property, light can be emitted 

10 through the substrate 200 as shown in FIG 7A. When the first electrode 201 is formed 
using a material with a light transmitting property and the second electrode 202 is formed 
using a material with a light shielding property (in particular, light reflecting property), 
light can be emitted through the opposite side of the substrate 200 as shown in FIG 7B. 
Further, when the first electrode 201 and the second electrode 202 are both formed using 

15 a material with a light transmitting property, light can be emitted through both the 
substrate 200 and the opposite side of the substrate 200, as shown in FIG 7C. 
[0108] 

Alternatively, as shown in FIG 37, the positions of the layer containing the 
material having the donor level that generates electrons and the layer containing the 

20 carbazole derivative represented by the general formula (1) and the inorganic compound 
exhibiting the electron accepting property with respect to the carbazole derivative 
represented by the general formula (1) shown in FIGS may be changed. FIG. 37 shows an 
example in which a layer 703 containing a light emitting substance includes a first layer 
711, a second layer 712, a third layer 713 and a fourth layer 714 that are laminated in this 

25 order between a first electrode 701 and a second electrode 702. The first layer 711 can be 



WO 2006/059745 PCT/JP2005/022240 

41 

formed using a material having a donor level that generates electrons, the third layer 713 
can be formed using a carbazole derivative represented by the general formula (1) and an 
inorganic compound exhibiting an electron accepting property with respect to the 
carbazole derivative represented by the general formula (1), and the fourth layer 714 can 
5 be formed using a material having a donor level that generates electrons. In this case, 
since the third layer 713 contains the carbazole derivative represented by the general 
formula (1) and the inorganic compound exhibiting the electron accepting property with 
respect to the carbazole derivative represented by the general formula (1), the third layer 
713 has an excellent hole transporting property. Therefore, the driving voltage of the 
10 light emitting element can be reduced. In addition, to improve the color purity by an 
optical design, the thickness of the third layer 713 can be freely set. 
[0109] 

[Embodiment Mode 4] 

In this embodiment mode, a light emitting device having a light emitting element 
15 of the present invention will be described. 
[0110] 

A light emitting device having a light emitting element of the prevent invention 
in a pixel portion will be described in this embodiment mode with reference to FIGS. 8 A 
and 8B. FIG 8A is a top view showing the light emitting device and FIG. 8B is a cross 

20 sectional view along a line A- A' and a line B-B' of FIG. 8A. Reference numeral 601 
marked by a dashed line indicates a driver circuit portion (a source signal line driver 
circuit); 602, a pixel portion; and 603, a driver circuit portion (a gate signal line driver 
circuit). Further, reference numeral 604 indicates a sealing substrate and reference 
numeral 605 indicates a sealing material. A hollow 607 is provided inside of a portion 

25 surrounded by the sealing material 605. 



WO 2006/059745 PCT/JP2005/022240 

42 

[0111] 

A leading wiring 608 is a wiring for transmitting signals input in the source 
signal line driver circuit 601 and the gate signal line driver circuit 603. The leading 
wiring 608 receives video signals, clock signals, start signals, reset signals and the like 
5 from FPCs (flexible printed circuits) 609 that serves as external input terminals. 
Although only the FPCs are depicted in FIG. 8A, printed wiring boards (PWBs) may be 
attached to the FPCs. The light emitting device in the present specification includes not 
only the main body of the light emitting device but also the FPCs or the FPCs attached 
with the PWBs. 
10 [0112] 

Next, a cross sectional structure will be described with reference to FIG. 8B. The 
driver circuit portions and the pixel portions are provided over an element substrate 610. 
In FIG. 8B, only the source signal line driver circuit 601, which is the driver circuit 
portion, and one pixel of the pixel portion 602 are shown here. 
15 [0113] 

A CMOS circuit with a combination of an n-channel TFT 623 and a p-channel 
TFT 624 is provided in the source signal line driver circuit 601. Further, a known CMOS 
circuit, PMOS circuit or NMOS circuit may be employed for TFTs used for forming the 
driver circuit. Although the driver circuits are integrated over the element substrate in 
20 this embodiment mode, the present invention is not limited this structure. Alternatively, 
the driver circuits can be provided outside of the element substrate. 
[0114] 

The pixel portion 602 includes a plurality of pixels each having a switching TFT 
611, a current controlling TFT 612 and a first electrode 613 that is electrically connected 
25 to a drain of the current controlling TFT. An insulator 614 is formed to cover the edge of 
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the first electrode 613. The insulator 614 is formed by using a positive photosensitive 

acrylic resin film here. 

[0115] 

In order to improve the coverage, the insulator 614 is provided such that either 
5 an upper edge portion or a lower edge portion of the insulator has a curbed surface with a 
curvature. For example, when positive photosensitive acrylic is used as a material of the 
insulator 614, it is preferable that only an upper portion of the insulator 614 have a curved 
surface with a radius of curvature (0.2 to 3 |nm). Further, the insulator 614 can be formed 
using either negative photosensitive acrylic that becomes insoluble in an etchant due to 
10 light irradiation, or positive photosensitive acrylic that becomes dissoluble in an etchant 
due to light irradiation. 
[0116] 

A layer 616 containing a light emitting substance and a second electrode 617 are 
provided over the first electrode 613. A first electrode 613 that serves as an anode is 

15 preferably formed using a material having a large work function. For example, a single 
film such as an indium tin oxide (hereinafter, referred to as ITO) film, an indium tin oxide 
film containing silicon, an indium oxide film containing 2 to 20wt% zone oxide, a 
titanium nitride film, a chromium film, a tungsten film, a Zn film, and a Pt film can be 
used. In addition, a laminated layer including a titanium nitride film and a film mainly 

20 containing aluminum, a three-layered structure including a titanium nitride film, a film 
mainly containing aluminum and a titanium nitride film, and the like can be employed. 
Furthermore, when the first electrode 613 is formed using a laminated layer, the 
resistance can be reduced as a wiring and a good ohmic contact can be obtained. In 
addition, this first electrode can serve as the anode. 

25 [0117] 
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The layer 616 containing the light emitting substance is formed by a known 
method such as evaporation using an evaporation mask, an ink-jet method and spin 
coating or the like. The layer 616 containing the light emitting substance has a layer that 
contains a carbazole derivative represented by the general formula (1) and an inorganic 
5 compound exhibiting an electron accepting property with respect to the carbazole 
derivative represented by the general formula (1). As the other material included in the 
layer 616 containing the light emitting substance, a low molecular weight material, an 
intermediate molecular weight material (including oligomer and dendrimer) or a high 
molecular weight material may be used. Further, a single layer or a laminated layer using 
10 an organic compound is usually used as a material for the layer containing the light 
emitting substance. However, in the present invention, the layer 616 containing the light 
emitting substance may also includes an organic compound that partly contains an 
inorganic compound. 
[0118] 

15 Furthermore, since the carbazole derivative represented by the general formula 

(1) has an excellent hole injecting property, the layer containing the carbazole derivative 
represented by the general formula (1) and the inorganic compound exhibiting an electron 
accepting property with respect to the carbazole derivative represented by the general 
formula (1) is preferably provided to be closer to the anode than the light emitting layer. 

20 [0119] 

A second electrode 617 is formed on the layer 616 containing the light emitting 
substance and serves as a cathode. The second electrode 617 is preferably formed using a 
material having a low work function such as Al, Mg, Li, Ca, and an alloy or a compound 
thereof (e.g., MgAg, Mgln, AlLi, CaF 2 , LiF or calcium nitride). In the case where light 
25 generated in the layer 616 containing the light emitting substance transmits through the 
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second electrode 617, the second electrode 617 is preferably formed by laminating a thin 
metal film and a transparent conductive film (such as ITO, indium oxide containing 2 to 
20wt% zinc oxide, indium tin oxide containing silicon, and zinc oxide (ZnO)). 
[0120] 

5 By adhering the sealing substrate 604 to the element substrate 610 using the 

sealing material 605, the light emitting element 618 is provided in the hollow 607 where 
is surrounded by the element substrate 610, the sealing substrate 604 and the sealing 
material 605. Further, filler is filled in the hollow 607. When an inert gas (such as 
nitrogen and argon) is filled in the hollow, the hollow is sometimes filled with the sealing 
10 material 605. 
[0121] 

As the sealing material 605, an epoxy resin is preferably used. More preferably, 
a material that does not transmit moisture and oxygen as much as possible is used for the 
sealing material. A glass substrate, a quartz substrate or a plastic substrate made from 
15 FRP (fiberglass-reinforced plastic), PVF (polyvinyl floride), mylar, polyester, acrylic or 
the like can be used as the sealing substrate 604. 
[0122] 

As mentioned above, the light emitting device having the light emitting element 
of the present invention can be obtained. 
20 [0123] 

Since the light emitting device of the invention includes the carbazole derivative 
represented by the general formula (1) and the inorganic compound exhibiting the 
electron accepting property with respect to the carbazole derivative represented by the 
general formula (1), the driving voltage can be reduced, thereby reducing the power 
25 consumption. 



WO 2006/059745 PCT/JP2005/022240 

46 



[0124] 



Also, the increase in driving voltage can be suppressed even when the thickness 



of the layer containing the light emitting substance is increased. Therefore, the increase 
in driving voltage can be suppressed while the short-circuiting of the light emitting 
5 element can be prevented. In addition, the increase in driving voltage can be suppressed 
while the color purity can be improved by an optical design. Consequently, a light 
emitting device having less defect and good color purity can be achieved. 
[0125] 

As set forth above, an active light emitting device in which the light emitting 

10 element is driven by the transistors is described. Alternatively, a passive light emitting 
device in which a light emitting element is driven without providing a driving element 
such as a transistor may be employed. FIG. 10 shows a perspective view of the passive 
light emitting device that is manufactured in accordance with the present invention. In 
FIG 10, a layer 955 containing a light emitting substance is provided between an 

15 electrode 952 and an electrode 956 over a substrate 951. The edge of the electrode 952 is 
covered with an insulating layer 953. A partition wall layer 954 is provided on the 
insulating layer 953. The sidewalls of the partition wall layer 954 are aslope so that a 
distance between both sidewalls is gradually narrowed toward the surface of the substrate. 
That is, a cross section in the direction of a narrow side of the partition wall layer 954 has 

20 a trapezoidal shape, and a lower side (which faces a surface of the insulating layer 953 
and is in contact with the insulating layer 953) is shorter than an upper side (which faces 
the surface of the insulating layer 953 and is not in contact with the insulating layer 953). 
By providing the partition wall layer 954 in this manner, defects of the light emitting 
element due to static charge and the like can be prevented. In addition, by forming the 

25 passive light emitting device utilizing the light emitting element of the present invention, 
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which is operated at low driving voltage, the passive light emitting device can be driven at 

low power consumption. 

[0126] 

[Embodiment Mode 5] 

5 In this embodiment mode, various kinds of electronic appliances that include 

light emitting devices manufactured using light emitting elements of the present 
invention will be described. 
[0127] 

As the electronic appliances manufactured using the light emitting devices that 
10 has the light emitting element of the present invention, a camera such as a video camera 
and a digital camera; a goggle type display; a navigation system; a sound reproducing 
device (such as a car audio and an audio component system); a personal computer; a 
game machine; a portable information terminal (such as a mobile computer, a cellular 
telephone, a portable game machine and an electronic book); a picture reproducer 
15 provided with a recording medium (typically, a device which can play the recording 
medium such as a digital versatile disc (DVD) and display images thereof); and the like 
can be given. Specific examples of these electronic appliances are shown in FIGS. 9A to 
9E. 
[0128] 

20 FIG 9 A is a television receiver including a housing 9101, a supporting base 9102, 

a display portion 9103, speaker portions 9104, a video input terminal 9105 and the like. 
By using a light emitting device having a light emitting element of the present invention 
as the display portion 9103, the television receiver is manufactured. The light emitting 
device of the present invention uses much less power and has less defects. In addition, 

25 since the increase in driving voltage can be suppressed and the color purity can be 
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improved in the light emitting device, the color reproducibility is improved, making it 

i 

possible to display fine images. Further, the television receiver also includes all 
information displaying apparatuses for a computer, a TV broadcasting, advertisement, 
and the like. 
5 [0129] 

FIG. 9B is a personal computer including a main body 9201, a housing 9202, a 
display portion 9203, a keyboard 9204, an external connection port 9205, a pointing 
mouse 9206, and the like. The computer is manufactured by using the light emitting 
device having the light emitting element of the present invention as the display portion 
10 9203. The light emitting device of the present invention uses much less power and has 
less defects. In addition, since the increase in driving voltage can be suppressed and the 
color purity can be improved in the light emitting device, the color reproducibility is 
improved, making it possible to display fine images. 
[0130] 

15 FIG 9C is a goggle-type display including a main body 9301, a display portion 

9302, arm portions 9303 and the like. This goggle-type display is manufactured by using 
the light emitting device having the light emitting element of the present invention as the 
display portion 9302. The light emitting device of the present invention uses much less 
power and has less defects. In addition, since the increase in driving voltage can be 

20 suppressed and the color purity can be improved in the light emitting device, the color 
reproducibility is improved, making it possible to display fine images. 
[0131] 

FIG 9D is a mobile phone including a main body 9401, a housing 9402, a 
display portion 9403, an audio input portion 9404, an audio output portion 9405, 
25 operation keys 9406, an external connection port 9407, an antenna 9408 and the like. 
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This mobile phone is manufactured by using the light emitting device having the light 

i 

emitting element of the present invention as the display portion 9403. Further, the power 
consumption of the mobile phone can be suppressed by displaying white characters 
against a black back of the display portion 9403. The light emitting device of the present 
5 invention uses much less power and has less defects. In addition, since the increase in 
driving voltage can be suppressed and the color purity can be improved in the light 
emitting device, the color reproducibility is improved, making it possible to display fine 
images. 
[0132] 

10 FIG. 9E is a camera including a main body 9501, a display portion 9502, a 

housing 9503, an external connection port 9504, a remote-control receiver 9505, an 
image receiver 9506, a buttery 9507, an audio input portion 9508, operation keys 9509, an 
eyepiece portion 9510 and the like. The camera can be manufactured by using the light 
emitting device having the light emitting element of the present invention as the display 

15 portion 9502. The light emitting device of the present invention uses much less power 
and has less defects. In addition, since the increase in driving voltage can be suppressed 
and the color purity can be improved in the light emitting device, the color reproducibility 
is improved, making it possible to display fine images. 
[0133] 

20 As set forth above, the application range of the light emitting device having the 

light emitting element of the present invention is extremely wide, and hence, the light 
emitting device can be applied to electronic appliances in various fields. By utilizing the 
light emitting device having the light emitting element of the present invention, an 
electronic appliance that uses much less power and has less defects and an excellent color 

25 reproducibility can be provided. 
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[0134] 

[Embodiment Mode 6] 

The present embodiment mode will describe the carbazole derivative 
represented by the general formula (1). 
5 [0135] 

As specific examples of the carbazole derivative represented by the general 
formula (1), carbazole derivatives represented by the following structural formulas (25) 
to (102) can be given. However, the present invention is not limited to the following 
structural formulas. 
10 [0136] 
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[0139] 
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(98) (102) 



[0147] 

The carbazole derivatives represented by the structural formulas (25) to (38) are 
in the case where R 2 in the general formula (1) is hydrogen. The carbazole derivatives 
5 represented by the structural formulas (39) to (52) are in the case where R 2 in the general 
formula (1) is an alkyl group. 
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The carbazole derivatives represented by the structural formulas (53) to (66) 

i 

each independently has a structure in which same substituents are bonded to a carbazole 
skeleton. These carbazole derivatives can be easily synthesized as compared with a 
carbazole derivative having a structure in that different substituents are bonded to a 
5 carbazole skeleton. That is, in the general formula (1), when R 2 has the general formula 
(2) and Ar 1 , Ar 2 , Ar 3 and X are the same as Ar 4 , Ar 5 , Ar 6 and Y, respectively, same 
substituents may be bonded to a carbazole skeleton, and therefore, a carbazole derivative 
can be easily synthesized. 
[0149] 

10 Also, as represented by the structural formulas (67) to (75), a carbazole 

derivative may include a halogen element. 
[0150] 

The substitution positions of X and Y in the general formula (1) and the general 
formula (2) may be at an ortho position represented by the structural formula (28), the 
15 structural formula (42) and the structural formula (56) but also at a meta position 
represented by the structural formulas (76) to (78). Alternatively, the substitution 
positions thereof may be at a para position. 
[0151] 

Furthermore, as shown in the structural formulas (79) to (102), the substituents 
20 of X and Y in the general formula (1) and the general formula (2) may be heterocyclic 
rings. 
[0152] 

As a method for synthesizing the carbazole derivative represented by the general 
formula (1), various kinds of reactions can be applied. For example, a method 
25 represented by the following reaction scheme (A-l) can be given. However, the method 
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for synthesizing the carbazole derivative represented by the general formula (1) is not 
limited thereto. 



[0153] 
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[Embodiments] 
[Embodiment 1] 
[0154] 

In Embodiment 1, a method for synthesizing a carbazole derivative used in the 
10 present invention will be described. A method for synthesizing 

3-[N-(4-diphenylaminophenyl)-N-phenylamino]-9-phenylcarbazole (abbreviation: 
PCzDPAl), which is represented by a structural formula 28, will be described in 
Embodiment 1. 
[0155] 
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3-[N-(4-diphenylaminophenyl)-N-phenylamino] -9-phenylcarbazole 

[0156] 

[Step 1] 

Firstly, a method for synthesizing 4-bromotriphenylamine will be described. A 
5 synthetic scheme of 4-bromotriphenylamine is represented by (A-2). 
[0157] 



Br 




(A-2) 



[0158] 

Specifically, 35.6 g (200 mmol) of N-bromo succinic imide (NBS) was added to 
10 1.5 L of an ethyl acetate solution that contains 54.0 g (220 mmol) of triphenylamine. The 
mixture was stirred for overnight. After the mixture was concentrated to 1 L, the 
concentrated mixture was washed with 1 L of an aqueous solution that contains 5% of 
sodium acetate. The washed solution was further concentrated to about 50 ml, and 
precipitated by adding methanol to obtain 46.5 g (the yield: 73%) of a white powder. 
15 [0159] 
[Step 2] 
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Next, a method for synthesizing N-(4-diphenylaminophenyl)-N-phenylamine 

i 

will be described. A synthetic scheme of N-(4-diphenylaminophenyl)-N-phenylamine is 

represented by (A-3). 

[0160] 



5 




(A-3) 



[0161] 

Firstly, 559 mg (6 mmol) of 4-bromotriphenylamine, 345 mg (0.6 mmol) of 
bis(dibenzylidene acetone) palladium (0) and 577 mg (6 mmol) of sodium tert-butoxide 
were mixed in a three-neck flask. After substituting nitrogen for air in the flask, 5 ml of 

10 dehydrated toluene was added in the mixture in the three-neck flask, and degassed for 
about 3 minutes until no bubbles remained in the mixture. Then, 559 mg (6 mmol) of 
aniline and 0.37 ml (1.8 mmol) of a hexane solution that contains 10% of tri-tert-butyl 
phosphine were added to the mixture and this mixture was stirred, while heating at 80°C, 
for 5 hours under nitrogen atmosphere. Then, it was confirmed by thin layer 

15 chromatography (TLC) that there was almost no 4-bromotriphenylamine, which was one 
of the raw materials, in the stirred mixture. Saturated saline was added to the product to 
terminate the reaction so that a toluene layer and a water layer were obtained. The water 
layer was extracted with about 100 ml of ethyl acetate, and this ethyl acetate layer and the 
toluene layer obtained previously were mixed. Magnesium sulfate was added to this 

20 mixed solution to remove moisture, and then the magnesium sulfate was filtered to be 
eliminated. After this filtrate was concentrated, a target matter was taken out by a silica 
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gel column using a solvent containing ethyl acetate and hexane with a ratio of 1 : 20. 

i 

After the target matter was taken out, the target matter was further concentrated, and then 
hexane was added to the concentrated target matter. Then, by using an ultrasonic washing 
machine, a target matter was precipitated. After obtaining the precipitate, the precipitate 
5 was concentrated again and collected to obtain 700 mg (the yield: 42%) of a 
cream-colored powder. 
[0162] 
[Step 3] 

A method for synthesizing 3-iodine-9-phenylcarbazole will be described. A 
10 synthetic scheme of N-phenyl-3-iodocarbazole is represented by (A-4). 
[0163] 

9 ? 

O-O *~ (A_4) 

NIS, glacial acetic acid I 

[0164] 

Specifically, 4.9 g (20 mmol) of N-phenylcarbazole- was dissolved in 100 ml of 
15 glacial acetic acid and N-iodosuccinic acid imide was slowly added thereto. Thereafter, 
the mixture was stirred for overnight at room temperature. The mixture became cloudy 
2.5 hours later after the beginning of the reaction. A light-orange precipitate was 
suspended in the mixture 3.5 hours later. This suspension was dripped into 300 ml of 
saturated saline to obtain a light salmon-pink block. This block was washed with water 
20 three times, and thereafter 200 ml of ethyl acetate was added to the block to dissolve the 
block in the ethyl acetate. This solution was washed with a sodium hydrogen carbonate 
solution, and then with water. Magnesium sulfate was added to remove moisture. 
Afterwards, the magnesium sulfate was filtered to be eliminated. Hexane was added to 
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10 



15 



the resultant solution. The mixture was heated and recrystallized to obtain 5 g (the yield: 
68%) of a white powder- 



Further, 3-iodine-9-phenylcarbazole can also be synthesized in accordance with 
the method described below. Specifically, 24.3g (100 mmol) of N-phenylcarbazole was 
dissolved in 600 ml of glacial acetic acid, and 22.5 g (100 mmol) of N-iodosuccinic acid 
imide was slowly added thereto. Thereafter, the mixture was stirred for overnight at room 
temperature. The mixture became cloudy 2.5 hours later after the beginning of the 
reaction. A light-orange precipitate was suspended in the mixture 3.5 hours later. This 
suspension was filtered. The filtrate was washed with a sodium hydrogen carbonate 
solution, and then with water. Finally, the resultant was washed with methanol so as to 
obtain 24.7g (the yield: 67%) of a white powder. 
[0166] 
[Step 4] 

A method for synthesizing 

3_[N-(4-diphenylaminophenyl)-N-phenylamino]-9-phenylcarbazole (abbreviation: 



PCzDPAl) will be described. A synthetic scheme of PCzDPAl is represented by (A-5). 
[0167] 



[0165] 




(A-5) 



[0168] 
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Specifically, 627.64 mg (1.7 mmol) of 3-iodine-9-phenylcarbazole, 672.86 mg 

i 

(2.0 mmol) of N-(4-diphenylaminophenyl)-N-phenylamine, 57.5 mg (0.1 mmol) of 
bis(dibenzylidene acetone) palladium and 335 mg (3.5 mmol) of sodium tert-butoxide 
were mixed in a three-neck flask. Nitrogen was substituted for air inside of the three-neck 
5 flask. Then, 3.5 ml of dehydrated toluene was added in the mixture in the three-neck 
flask, and degassed for about 3 minutes. Subsequently, 0.4 ml of tri-tert-butyl phosphine 
(a 10wt% hexane solution) was added to the mixture and the content was mixed by lightly 
shaking the container up and down. The content was stirred further for 10 minutes while 
being irradiated and heated at 80°C with 200 W of microwave. After the reaction, 

10 saturated saline was added and a product was extracted with 100 ml of ethyl acetate. 
Further, magnesium sulfate was added to the product to remove moisture, and then the 
magnesium sulfate was filtered to be removed. The filtrate was concentrated, and a target 
matter was taken out by a silica gel column using a solvent containing ethyl acetate and 
hexane with a ratio of 1 : 1. Hexane was added to the thus-obtained solution and the 

15 resultant was heated to be recrystallized. Consequently, 650 mg (the yield: 65%) of a 
cream-colored powder was obtained. The NMR data is shown below. The ! H-NMR (300 
MHz, DMSO-d) ; 6 = 6.89 - 7.05 (m, 13H), 7.21 - 7.28 (m, 9H), 7.32 - 7.43 (m, 3H), 
7.50 - 7.69 (m, 5H), 8.02 (s, 1H), 8.14 (d, j = 7.2, 1H). Also, a chart of X H-NMR is shown 
in FIG. 13. Also, a chart of an enlarged portion of FIG. 13 in the range of 6.0 ppm and 9.0 

20 ppm is shown in FIG. 14. 
[0169] 

The thermogravimetry-differential thermal analysis (TG-DTA) of the thus 
obtained PCzDPAl was performed. The results are shown in FIG 17. In FIG 17, a 
longitudinal axis on the left side indicates the heat quantity (^V) and a longitudinal axis 
25 on the right side indicates the gravity (%; the gravity at the start of measurement is 
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expressed as 100%). Furthermore, a lower horizontal axis represents the temperature 
(°C). By utilizing a thermo-gravimetric/differential thermal analyzer (TG/DTA 320, 
Seiko Instruments Inc.), thermophysical properties were measured at the temperature 
rising velocity of 10°C/min under nitrogen atmosphere. As a result, because of the 
5 gravity-temperature relation (thermogravimetric measurement), the temperature by 
which the gravity becomes 95% or less of the gravity at the start of the measurement, was 
375 °C under normal pressure. Also, when the measurement was carried out by using a 
melting-point apparatus (ATM-01, As One Corporation), the melting point was 185 to 
186°C. 
10 [0170] 

Although the method for synthesizing 

3-[N-(4-diphenylaminophenyl)-N-phenylamino]-9-phenylcarbazole (abbreviation: 
PCzDPAl) by using 3-iodine-9-phenylcarbazole is described in this embodiment, 
PCzDPAl can also be synthesized by using 3-bromo-9-phenylcarbazole. The 

15 3-bromo-9-phenylcarbazole is less expensive than the 3-iodine-9-phenylcarbazole. On 
the other hand, when using the 3-iodine-9-phenylcarbazole, the reaction time can be 
shortened compared to using the 3-bromo-9-phenylcarbazole. Also, even when the 
amounts of a catalyst (which is bis(dibenzylidene acetone) palladium (0) in the above 
mentioned scheme) and a ligand (which is tri-tert-butyl phosphine in the above 

20 mentioned scheme) are reduced to about 1/10, the reaction still proceeds. 

[Embodiment 2] 
[0171] 

A method for synthesizing a carbazole derivative used in the present invention 
25 will be described. In Embodiment 2, a method for synthesizing 
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3,6-bis[N-(4-diphenylaminophenyl)-N-phenylamino]-9-phenylcarbazole (abbreviation: 
PCzDPA2), which is represented by a structural formula 56, will be described. 
[0172] 



10 




(56) 



3,6-bis[N-(4-diphenylaminophenyl)-N-phenylamino] -9-phenylcarbazole 
5 [0173] 
[Step 1] 

A method for synthesizing 3,6-diiodo-9-phenylcarbazole will be described. A 
synthetic scheme of 3,6-diiodo-9-phenylcarbazole is represented by (A-6). 
[0174] 



9 
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[0175] 

Specifically, 24.3 g (100 mmol) of N-phenylcarbazole was dissolved in 700 ml 
of glacial acetic acid, and 44.9 g (200 mmol) of N-iodosuccinic acid imide was slowly 
added thereto. Then, the mixture was stirred for overnight at room temperature. The 
15 mixture became cloudy 2.5 hours later after the beginning of the reaction. The 
precipitation was started 3.5 hours later. The thus obtained precipitate was filtered. The 
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filtrate was added to a sodium hydrogen carbonate solution and suspended to be 
naturalized. The product was filtered and washed with water. Then, the resultant was 
dried so as to obtain 47 g (the yield: 95%) of a white powder. 
[0176] 
[Step 2] 

Next, a method for synthesizing 

3,6-bis[N-(4-diphenylaminophenyl)-N-phenylamino]-9-phenylcarbazole (abbreviation: 
PCzDPA2) will be described. A synthetic scheme of PCzDPA2 is shown in (A-7). 
[0177] 

■ 9 

2. Q S> 9 



10 




n~n - ^JL^ cy-O r\vi (A " 7) 

I Pd(dba) 2 , P(t-Bu) 3 . kj- ^ 



tBuONa, toluene 
micro wave, 80deg 



[0178] 

Specifically, 5.44 g (11 mmol) of 3,6-diiodo-9-phenylcarbazole, 9 g (27 mmol) 
of N-(4-diphenylaminophenyl)-N-phenylamine, 500 mg (0.87 mmol) of 
bis(dibenzylidene acetone) palladium and 3.35 mg (35 mmol) of sodium tert-butoxide 
15 were mixed in a three-neck flask. Nitrogen was substituted for air inside of the three-neck 
flask. Subsequently, 100 ml of dehydrated toluene was added to the mixture in the 
three-neck flask. The mixture added with the dehydrated toluene was degassed for about 
3 minutes. Then, 4 ml of tri-tert-butyl phosphine (a 10wt% hexane solution) was added to 
the mixture and then this mixture was stirred, while heating at 80°C, for 16 hours under 



WO 2006/059745 PCT/JP2005/022240 

72 

nitrogen atmosphere. After the reaction, saturated saline was added and a product was 

s 

extracted with 200 ml of ethyl acetate. Further, magnesium sulfate was added to the 
product to remove moisture, and then the magnesium sulfate was filtered to be removed. 
The filtrate was concentrated, and the concentrated filtrate was dripped in a solvent 
5 containing ethyl acetate and hexane with a ratio of 1 : 10 to be suspended. Afterwards, a 
supernatant of the suspension was collected. The supernatant was purified by a silica gel 
column using a solvent containing ethyl acetate and hexane with a ratio of 1 : 10. The 
resultant was concentrated to obtain a cream-colored powder. In addition, an insoluble 
component of the suspension was purified by a silica gel column using a solvent that 

10 contains 5 : 1 toluene and hexane. The resultant was concentrated to obtain a 
cream-colored powder. The cream-colored powders obtained in the above described 
manner were target matters. Specifically, 6.5 g of the cream-colored powders in total 
were obtained and the yield was 75%. The NMR data is shown below. The ^-NMR 
(300 MHz, DMSO-d) ; 8 = 6.86 - 6.97 (m, 26H), 7.18 - 7.36 (m, 14H), 7.35 (d, j = 9.0, 

15 2H), 7.52 - 7.66 (m, 5H), 7.99 (s, 2H). Also, a chart of X H-NMR is shown in FIG. 15. 
Also, a chart of an enlarged portion of FIG 15 in the range of 6.0 ppm and 9.0 ppm is 
shown in FIG 16. 
[0179] 

The thermogravimetry-differential thermal analysis (TG-DTA) of the 
20 thus-obtained PCzDPA2 was performed. The results are shown in FIG 18. In FIG 18, a 
longitudinal axis on the left side indicates the heat quantity (fiV) and a longitudinal axis 
on the right side indicates the gravity (%; the gravity at the start of measurement is 
expressed as 100%). Furthermore, a lower horizontal axis represents the temperature 
(°C). By utilizing a thermo-gravimetric/differential thermal analyzer (TG/DTA 320, 
25 Seiko Instruments Inc.), thermophysical properties were measured at the temperature 
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rising velocity of 10°C/min under nitrogen atmosphere. As a result, because of the 

i 

gravity-temperature relation (thermogravimetric measurement), the temperature by 
which the gravity becomes 95% or less of the gravity at the start of the measurement was 
460°C under normal pressure. Also, when the measurement was carried out by using a 
5 melting-point apparatus (ATM-01, As One Corporation), a melting point was 173 to 
181°C 

[Embodiment 3] 

A specific example of a layer that contains a carbazole derivative represented by 
10 the general formula (1) and an inorganic compound exhibiting an electron accepting 
property with respect to the carbazole derivative will be described in Embodiment 3. As 
the carbazole derivative, 

3,6-bis[N-(4-diphenylaminophenyl)-N-phenylamino]-9-phenylcarbazole (abbreviation: 
PCzDPA2) represented by the structural formula (56), which was synthesized in 
15 Embodiment 2, was used. As the inorganic compound, molybdenum oxide was used. 
[0181] 

Firstly, a glass substrate was fixed on a substrate holder inside of a vacuum 
evaporation apparatus. Then, PCzDPA2 and molybdenum oxide (VI) were 
independently provided in separate evaporation sources of a resistance heating type, and 

20 the layer containing PCzDPA2 and molybdenum oxide was formed by co-evaporation of 
PCzDPA2 and molybdenum oxide while air in the vacuum evaporation apparatus was 
evacuated. In this case, PCzDPA2 was vaporized at a film formation rate of 0.4 nm/s, 
whereas molybdenum oxide with 1/4 of the amount of PCzDPA2 (mass ratio) was 
vaporized. Therefore, the molar ratio between the PCzDPA2 and the molybdenum oxide 

25 was 1 : 1.5. Further, the thickness of the film containing PCzDPA2 and molybdenum 
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oxide was set to be 50 nm. 
[0182] 

A measurement result of the absorption spectrum of the thus obtained mixed 
film containing PCzDPA2 and molybdenum oxide is shown as a line C in FIG. 11. For 
5 comparison, the absorption spectrum of a film only containing PCzDPA2 (a line A) and 
the absorption spectrum of a film only containing molybdenum oxide (a line B) are also 
shown in FIG. 11. 
[0183] 

As it can be seen in FIG. 11, the mixed film represented by the line C exhibits a 
10 new type of absorption (circled by a dashed line in the drawing) that cannot be seen in the 
film only containing PCzDPA2 or the film only containing molybdenum oxide. This is 
because electrons are transported between PCzDPA2 and molybdenum oxide, and it is 
thought that the molybdenum oxide accepts the electrons from the PCzDPA2 and holes 
are generated in the PCzDPA2. 
15 [0184] 

Consequently, in the mixed film containing PCzDPA2 and molybdenum oxide 
formed in this embodiment, carriers are internally generated, and hence, the driving 
voltage of a light emitting element can be reduced. 

20 [Embodiment 4] 
[0185] 

An example of a light emitting element of the present invention will be described 
in Embodiment 4 with reference to FIG. 12. In Embodiment 4, a light emitting element 
containing PCzDPA2 represented by the structural formula (56) and molybdenum oxide 
25 that is an inorganic compound exhibiting an electron accepting property with respect to 
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PCzDPA2 will be described. 
[0186] 

An indium tin oxide film containing silicon is formed as a first electrode 401 that 
serves as an anode by sputtering. 
5 [0187] 

Next, a first layer 411 is formed over a first electrode by co-evaporation of 
PCzDPA2, which is represented by the structural formula (56), and molybdenum oxide 
exhibiting the electron accepting property with respect to PCzDPA2 such that the molar 
ratio between the PCzDPA2 and the molybdenum oxide is 1 : 1. The thickness of the first 
10 layer 411 is set to be 120 nm. Further, the co-evaporation is an evaporation method by 
which evaporation is carried out simultaneously from a plurality of evaporation sources. 
[0188] 

Next, a hole transporting layer 412 is formed on the first layer 411 using NPB by 
vacuum evaporation to have a thickness of 10 nm. Next, a light emitting layer 413 

15 containing tris(8-quinolinolate) aluminum (abbreviation: Alq3) and coumarin 6 is formed 
by co-evaporation of Alq3 and coumarin 6 to have a thickness of 40 nm. In this 
embodiment, the Alq 3 -coumarin 6 mass ratio was adjusted to be 1 : 0.005. Therefore, the 
coumarin 6 was dispersed in Alq 3 . Next, an electron transporting layer 414 including 
Alq 3 was formed on the light emitting layer by vacuum evaporation of Alq 3 to have a 

20 thickness of 40 nm. Next, an electron injecting layer 415 including LiF was formed on 
the electron transporting layer by vacuum evaporation of LiF to have a thickness of 1 nm. 
Subsequently, a second electrode 402 was formed on the electron injecting layer using 
aluminum by vacuum evaporation to have a thickness of 200 nm. 
[0189] 

25 As described above, the light emitting element that has the layer containing 
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PCzDPA2 and molybdenum oxide, which is an inorganic compound exhibiting the 

i 

electron accepting property with respect to PCzDPA2, can be formed. Since the light 
emitting element of Embodiment 4 has the layer containing PCzDPA2 and the 
molybdenum oxide, which is the inorganic compound exhibiting the electron accepting 
5 property with respect to PCzDPA2, carriers are generated internally, and therefore, this 
light emitting element has excellent carrier injecting and transporting properties. As a 
consequence, the driving voltage of the light emitting element of this embodiment can be 
reduced. 
[0190] 

10 Furthermore, since the carriers are internally generated, the light emitting 

element has a high conducting property. Therefore, when the thickness of the first layer 
411 is increased, the increase in driving voltage can be suppressed. Consequently, the 
short-circuiting can be prevented and the color purity can be improved by an optical 
design without increasing the driving voltage. 

15 [0191] 

Moreover, a layer 403 containing a light emitting substance of the light emitting 
element of this embodiment includes not only an organic compound but also an inorganic 
compound, and hence, the light emitting element has an excellent heat resistance property 
along with long term durability. 

20 

[Embodiment 5] 
[0192] 

A method for synthesizing a carbazole derivative used in the present invention 
will be described. In Embodiment 5, a method for synthesizing 
25 3-[N-(4-diphenylaminophenyl)-N-(l-naphthyl) amino]-9-phenylcarbazole (abbreviation: 
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PCzTPNl), which is represented by a structural formula 33, will be described. 
[0193] 




[0194] 
5 [Step 1] 

Firstly, a method for synthesizing N-(4-diphenylaminophenyl)-N-(l-naphthyl) 
amine will be described. A synthetic scheme of 

N-(4-diphenylaminophenyl)-N-(l-naphthyl) amine is shown in (A-8). 
[0195] 




(A-8) 



[0196] 



Specifically, 4-bromotriphenylamine (3.2g, 10 mmol), 1-aminonaphthalene (1.4 
g, 10 mmol), bis(dibenzylidene acetone) palladium (0) (58 mg, 0.1 mmol), and sodium 
tert-butoxide (3.0 g, 30 mmol) were mixed in a flask. After nitrogen was substituted for 
15 air in the flask, 40 ml of dehydrated xylene was added to the mixture in the flask. The 
mixture added with the dehydrated xylene was degassed for about 3 minutes until no 
bubbles remained in the mixture. Then, l,l-bis(diphenyl phosphino) ferrocene (540 mg, 
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1.0 mmol) was added to the mixture and the mixture was stirred, while heating at 90°C, 

i 

for 6.5 hours under nitrogen atmosphere. Then, about 300 ml of toluene was added to the 
mixture, and the mixture was filtered through florisil, alumina and celite. The thus 
obtained filtrate was washed with water and saturated saline. Magnesium sulfate was 
5 added to these organic layers and then dried. The product was filtered and filtrate was 
concentrated. A subject solution was taken out from the concentrated filtrate by a silica 
gel column chromatography ( toluene : hexane = 3:7). The thus obtained solution was 
concentrated and added with hexane. The product was applied with supersonic. 
Subsequently, the product was filtered to obtain a solid that is 1.8 g (the yield: 46%) of a 

10 while powder of N-(4-diphenylaminophenyl)-N-(l-naphthyl) amine. The NMR data is 
shown below. The *H-NMR (300 MHz, DMSO-d) ; 6 = 6.93 - 7.00 (m, 8H), 7.09 (d, j = 
8.7, 2 H), 7.23 - 7.32 (m, 5 H), 7.39 (t, j = 7.8, 1 H), 7.48 - 7.52 (m, 3H), 7.86 - 7.90 (m, 
1 H), 8.20 - 8.23 (m, 2H). 13 C-NMR (60 MHz, DMSO-d) ; 6 = 113.2, 118.6, 120.9, 
121.7, 122.2, 122.6, 125.0, 126.0, 126.2, 126.6, 127.0, 128.1, 129.3, 134.4, 139.1, 139.6, 

15 141.4, 147.6. Further, a chart of 1 H-NMR is shown in FIG. 22. Also, a chart of an 
enlarged portion of FIG. 22 in the range of 6.5 ppm to 8.5 ppm is shown in FIG. 23. A 
chart of X C-NMR is shown in FIG. 24. 
[0197] 
[Step 2] 

20 Next, a method for synthesizing 3-[N-(4-diphenylaminophenyl)-N-(l-naphthyl) 

amino]-9-phenylcarbazole (abbreviation: PCzTPNl) will be described. A synthetic 
scheme of 3-[N-(4-diphenylaminophenyl)-N-(l-naphthyl) amino] -9-phenylcarbazole 
(abbreviation: PCzTPNl) is shown in (A-9). 
[0198] 
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[0199] 



Specifically, 740 mg (2.0 mmol) of 3-iodine-9-phenylcarbazole, 700 mg (1.8 
mmol) of N-(4-diphenylaminophenyl)-N-(l-naphthyl) amine, 12 mg (0.02 mmol) of 
5 bis(dibenzylidene acetone) palladium, and 600 mg (6.0 mmol) of sodium tert-butoxide 
were mixed in a flask. After nitrogen was substituted for air in the flask, 5 ml of 
dehydrated xylene was added to the mixture and degasification was performed for 3 
minutes. Subsequently, 0.1 ml (0.05 mmol) of tri-tert-butyl phosphine (a 10wt% hexane 
solution) was added to the mixture. The mixture was stirred, while heating at 90° C, for 

10 5.5 hours under nitrogen atmosphere. Further, about 100 ml of toluene was added to the 
mixture, and then the mixture was filtered through florisil, alumina and celite. The thus 
obtained filtrate was washed with water and saturated saline. Magnesium sulfate was 
added to these organic layers and then dried. The product was filtered and the filtrate was 
concentrated. A subject solution was taken out from the concentrated filtrate by a silica 

15 gel column chromatography ( toluene : hexane = 3:7). The thus obtained subject 
solution was concentrated and added with hexane. The product was applied with 
supersonic. Afterwards, the resultant was filtered to obtain a solid that was 500 mg of a 
yellow powder of PCzTPNl. The yield was 44%. The NMR data is shown below. The 
*H-NMR (300 MHz, DMSO-d) ; 5 = 6.74 (d, j = 8.7, 2H), 6.88 - 7.00 (m, 8H), 7.16 - 7.67 



20 (m, 23H), 7.84 (d, j = 8.4, 1H), 7.97 (d, j = 8.1, 1H), 8.02 (s, 1H), 8.08 (t, j = 7.8, 2H). 
Further, a chart of ^-NMR is shown in FIG. 25. Also, a chart of an enlarged portion of 
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FIG 25 in the range of 6.0 ppm to 8.5 ppm is shown in FIG. 26. 
[0200] 

The thermogravimetry-differential thermal analysis (TG-DTA) of the 
thus-obtained PCzTPNl was performed. Furthermore, by utilizing a 
5 thermo-gravimetric/differential thermal analyzer (TG/DTA 320, Seiko Instruments Inc.), 
thermophysical properties were measured at the temperature rising velocity of 10°C/min 
under nitrogen atmosphere. As a result, because of the gravity-temperature relation 
(thermogravimetric measurement), the temperature by which the gravity becomes 95% or 
less of the gravity at the start of the measurement was 380°C under normal pressure. 
10 [0201] 

[Embodiment 6] 
[0202] 

A method for synthesizing a carbazole derivative used in the present invention 
will be described in Embodiment 6. In this embodiment, a method for synthesizing 
15 3,6-bis [N-(4-diphenylaminophenyl)-N-(l-naphthyl)amino]-9-phenylcarbazole 
(abbreviation: PCzTPN2), which is represented by a structural formula (61), will be 
described. 
[0203] 
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[0204] 



[Step 1] 



A 



synthetic 



scheme 



of 



3,6-bis 



[N-(4-diphenylaminophenyl)-N-(l-naphthyl)amino]-9'phenylcarbazole (abbreviation: 
5 PCzTPN2) is shown in (A- 10). 
[0205] 



10 mmol) of N-(4-diphenylaminophenyl)-N-(l-naphthyl) amine, 18 mg (0.03 mmol) of 
bis(dibenzylidene acetone) palladium, and 1.0 g (10 mmol) of sodium tert-butoxide were 
mixed in a flask. After nitrogen was substituted for air in the flask, 7.5 ml of dehydrated 
xylene was added to the mixture and degasification was performed for 3 minutes. Then, 
0.2 ml (0.1 mmol) of tri-tert-butyl phosphine (a 10wt% hexane solution) was added to the 

15 mixture. The mixture was stirred, while heating at 90°C, for 7 hours under nitrogen 
atmosphere. Further, about 300 ml of toluene was added to the mixture, and then the 
mixture was filtered through florisil, alumina and celite. The thus obtained filtrate was 
washed with water and saturated saline. Magnesium sulfate was added to these organic 
layers and then dried. The product was filtered and the filtrate was concentrated. A 

20 subject solution was taken out from the concentrated filtrate by a silica gel column 



H 




(A-10) 



[0206] 



Specifically, 740 mg (1.5 mmol) of 3, 6-diiodo-9-phenylcarbazole, 1.2 g (3 
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chromatography ( toluene : hexane = 3:7). The thus obtained subject solution was 

i 

concentrated and added with hexane. The product was applied with supersonic* and then 
filtered to obtain a solid of 1.0 mg of a yellow powder of PCzTPN2. The yield was 66%. 
The NMR data is shown below. The 1 H-NMR (300 MHz, DMSO-rf) ; 6 = 6.68 (d, j = 9.0, 
5 4H), 6.86 - 6.97 (m, 16H), 7.20 - 6.97 (m, 16H), 7.20 - 7.65 (m, 25H), 7.83 (d, j = 8.1, 
2H), 7.95 - 7.98 (m, 4H), 8.05 (d, j = 8.4, 2H). Further, a chart of 1 H-NMR is shown in 
FIG. 27. Also, a chart of an enlarged portion of FIG. 27 in the range of 6.0 ppm to 8.5 pp 
is shown in FIG 28. 
[0207] 

10 The thermogravimetry-differential thermal analysis (TG-DTA) of the 

thus-obtained PCzTPN2 was performed. Furthermore, by utilizing a 
thermo-gravimetric/differential thermal analyzer (TG/DTA 320, Seiko Instruments Inc.), 
thermophysical properties were measured at the temperature rising velocity of 10°C/min 
under nitrogen atmosphere. As a result, because of the gravity-temperature relation 

15 (thermogravimetric measurement), the temperature by which the gravity becomes 95% or 
less of the gravity at the start of the measurement was 470°C under normal pressure. 
[0208] 

[Embodiment 7] 
[0209] 

20 A specific example of a layer containing a carbazole derivative represented by 

the general formula (1) and an inorganic compound exhibiting an electron accepting 
property with respect to the carbazole derivative will be described in Embodiment 7. As 
the carbazole derivative, 

3_[N-(4-diphenylaminophenyl)-N-phenylamino]-9-phenylcarbazole (abbreviation: 

25 PCzDPAl) represented by the structural formula (28), which was synthesized in 
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Embodiment 1, was used. As the inorganic compound, molybdenum oxide was used. 
[0210] 

A glass substrate was fixed to a substrate holder inside of a vacuum evaporation 
apparatus. Then, PCzDPAl and molybdenum oxide (VI) were independently provided in 
5 separate evaporation sources of a resistance heating type, and a layer containing 
PCzDPAl and molybdenum oxide was formed by co-evaporation of PCzDPAl and 
molybdenum oxide while air in the vacuum evaporation apparatus was evacuated. In this 
case, the co-evaporation of PCzDPAl and molybdenum oxide was performed such that 
the PCzDPAl -molybdenum oxide mass ratio was 4:1. Therefore, the molar ratio 
10 between the PCzDPAl and the molybdenum oxide was 1.0 : 1.0. Further, the thickness 
of the film containing PCzDPAl and molybdenum oxide was set to be 90 nm. 
[0211] 

A measurement result of the absorption spectrum of the thus obtained mixed 
film containing PCzDPAl and molybdenum oxide is shown as a line C in FIG. 19. For 
15 comparison, the absorption spectrum of a film only containing PCzDPAl (a line A) is 
also shown in FIG. 19. In FIG. 19, a perpendicular axis indicates the absorption intensity 
(given unit) while a horizontal axis indicates the wavelength (nm). 
[0212] 

As shown in FIG. 19, the mixed film containing the PCzDPAl and the 
20 molybdenum oxide represented by the line C exhibits a new type of absorption (circled by 
a dashed line in the drawing) that cannot be seen in the film only containing the 
PCzDPAl. This is because electrons are transported between PCzDPAl and 
molybdenum oxide, and it is thought that the molybdenum oxide accepts the electrons 
from PCzDPAl and holes are generated in PCzDPAl. 
25 [0213] 
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Consequently, in the mixed film containing PCzDPAl and molybdenum oxide 
formed in this embodiment, carriers are internally generated, and hence, the driving 
voltage of a light emitting element can be reduced. 

5 [Embodiment 8] 
[0214] 

A specific example of a layer containing a carbazole derivative represented by 
the general formula (1) and an inorganic compound exhibiting an electron accepting 
property with respect to the carbazole derivative will be described in Embodiment 8. As 
10 the carbazole derivative, 4-[N-(4-diphenylaminophenyl)-(l-naphthyl) 

amino]-9-phenylcarbazole (abbreviation: PCzTPNl) represented by the general formula 
(33), which was synthesized in Embodiment 5, was used. As the inorganic compound, 
molybdenum oxide was used. 
[0215] 

15 A glass substrate was fixed to a substrate holder inside of a vacuum evaporation 

apparatus. Then, PCzTPNl and molybdenum oxide (VI) were independently provided in 
separate evaporation sources of a resistance heating type, and a layer containing 
PCzTPNl and molybdenum oxide was formed by co-evaporation of PCzTPNl and 
molybdenum oxide while air in the vacuum evaporation apparatus was evacuated. In this 

20 case, the co-evaporation of PCzTPNl and molybdenum oxide was performed such that 
the PCzTPNl -molybdenum oxide mass ratio was 4:1. Therefore, the molar ratio 
between the PCzTPNl and the molybdenum oxide was 1.0 : 1.1. Further, the thickness of 
the film containing PCzTPNl and molybdenum oxide was set to be 100 nm. 
[0216] 

25 A measurement result of the absorption spectrum of the thus obtained mixed 
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film containing PCzTPNl and molybdenum oxide is shown as a line C in FIG. 20. For 

i 

comparison, the absorption spectrum of a film only containing PCzTPNl (a line A) is 
also shown in FIG. 20. In FIG. 20, a perpendicular axis indicates the absorption intensity 
(given unit) while a horizontal axis indicates the wavelength (nm). 
5 [0217] 

As shown in FIG. 20, the film containing the PCzTPNl and the molybdenum 
oxide represented by the line C exhibits a new type of absorption (circled by a dashed line 
in the drawing) that cannot be seen in the film only containing the PCzTPNl. This is 
because electrons are transported between PCzTPNl and molybdenum oxide, and it is 
10 thought that the molybdenum oxide accepts the electrons from PCzTPNl and holes are 
generated in the PCzTPNl. 
[0218] 

As a result, in the mixed film containing PCzTPNl and molybdenum oxide 
formed in this embodiment, carriers are internally generated, and hence, the driving 
15 voltage of a light emitting element can be reduced. 

[Embodiment 9] 
[0219] 

A specific example of a layer containing a carbazole derivative represented by 
the general formula (1) and an inorganic compound exhibiting an electron accepting 
property with respect to the carbazole derivative will be described in Embodiment 9. As 
the carbazole derivative, 

3,6-bis[N-(4-diphenylaminophenyl)-N-phenylamino]-9-phenylcarbazole (abbreviation: 
PCzTPN2) represented by the structural formula (61), which was synthesized in 
Embodiment 6, was used. As the inorganic compound, molybdenum oxide was used. 



20 



25 



WO 2006/059745 PCT/JP2005/022240 

86 

[0220] 

A glass substrate was fixed to a substrate holder inside of a vacuum evaporation 
apparatus. Then, PCzTPN2 and molybdenum oxide (VI) were independently provided in 
separate evaporation sources of a resistance heating type, and a layer containing 
5 PCzTPN2 and molybdenum oxide was formed by co-evaporation of PCzTPN2 and 
molybdenum oxide while air in the vacuum evaporation apparatus was evacuated. In this 
case, the co-evaporation of PCzTPN2 and molybdenum oxide was performed such that 
the PCzTPN2-molybdenum oxide mass ratio was 4:1. Therefore, the molar ratio 
between the PCzTPN2 and the molybdenum oxide was 1.0 : 1.8. Further, the thickness of 
10 the film containing PCzTPN2 and molybdenum oxide was set to be 110 nm. 
[0221] 

A measurement result of the absorption spectrum of the thus obtained mixed 
film containing PCzTPN2 and molybdenum oxide is shown as a line C in FIG. 21. For 
comparison, the absorption spectrum of a film only containing PCzTPN2 (a line A) is 
15 also shown in FIG. 21. In FIG. 21, a perpendicular axis indicates the absorption intensity 
(given unit) while a horizontal axis indicates the wavelength (nm). 
[0222] 

As shown in FIG. 21, the film containing the PCzTPN2 and the molybdenum 
oxide represented by the line C exhibits a new type of absorption (circled by a dashed line 
20 in the drawing) that cannot be seen in the film only containing the PCzTPN2. This is 
because the electrons are transported between PCzTPN2 and molybdenum oxide. It is 
thought that the molybdenum oxide accepts the electrons from PCzTPN2 and the holes 
are generated in PCzTPN2. 
[0223] 

25 As a consequence, in the mixed film containing PCzTPN2 and molybdenum 
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oxide formed in this embodiment, carriers are internally generated, and hence, the driving 
voltage of a light emitting element can be reduced. 

[Embodiment 10] 
5 [0224] 

A light emitting element of the present invention will be described in detail with 
reference to FIG. 35. 
[0225] 

A first electrode 2102 was formed over a glass substrate 2101 by sputtering 
10 using indium tin oxide containing silicon oxide. The thickness of the first electrode 2102 
was set to be 110 nm. The area of the first electrode was set to be 2 mm x 2 mm. 
[0226] 

Next, the substrate over which the first electrode was provided was fixed to a 
substrate holder provided in a vacuum evaporation apparatus such that the first electrode 

15 was underlying the substrate. Then, the vacuum evaporation apparatus was evacuated 
and the pressure was reduced to about 10" 4 Pa. Subsequently, a layer 2103 containing a 
composite material of the present invention was formed oft the first electrode 2102 by 
co-evaporation of PCzPCNl and molybdenum oxide (VI). The thickness of the layer 
2103 containing the composite material of the present invention was set to be 50 nm. The 

20 PCzPCNl-molybdenum oxide (VI) mass ratio was adjusted to be 4 : 2. Further, the 
co-evaporation is an evaporation method by which evaporation is performed 
simultaneously from a plurality of evaporation sources in one chamber. 
[0227] 

Next, a hole transporting layer 2104 was formed to have a thickness of 10 nm 
25 using NPB by evaporation with resistive heating. 
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[0228] 

Further, a light emitting layer 2105 was formed on the hole transporting layer 
2104 to have a thickness of 40 nm by co-evaporation of Alq 3 and coumarin 6. The 
Alq 3 -coumarin 6 mass ratio was adjusted to be 1 : 0.01. Consequently, coumarin 6 was 
5 dispersed in a layer including Alq 3 . 
[0229] 

Subsequently, an electron transporting layer 2106 was formed on the light 
emitting layer 2y 
heating. 
10 [0230] 

Further, an electron injecting layer 2107 was formed on the electron transporting 
layer 2106 to have a thickness of 30 nm by co-evaporation of Alq 3 and lithium. The 
Alq 3 -lithium mass ratio was adjusted to be 1 : 0.01. Consequently, lithium was dispersed 
in a layer including Alq 3 . 
15 [0231] 

Finally, a second electrode 2108 was formed on the electron injecting layer 2107 
using aluminum to have a thickness of 200 nm by evaporation with resistive heating. 
Thus, the light emitting element of Embodiment 10 was manufactured. 
[0232] 

20 A luminance-voltage characteristic of the light emitting element of Embodiment 

10 is shown in FIG. 29. A current efficiency-luminance characteristic thereof is shown in 
FIG. 30. Also, a light emission spectrum upon feeding a current with 1 mA through the 
light emitting element is shown in FIG. 31. In the light emitting element of Embodiment 
10, the voltage required for obtaining luminance of 903 cd/m 2 was 5.2 V. The current 

25 flowing through the light emitting element in this case was 0.34 mA (the current density 
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is 8.5 mA/cm 2 ). The CIE chromaticity coordinates were x = 0.30, y = 0.63. In addition, 

the current efficiency in this case was 10.6 cd/A. 

[0233] 

As set forth above, the driving voltage of the light emitting element can be 
5 reduced by manufacturing a light emitting element using the composite material of the 
present invention. 

[Embodiment 11] 
[0234] 

10 A light emitting element of the present invention will be described in detail with 

reference to FIG. 36. 
[0235] 

A first electrode 2202 was formed over a glass substrate 2201 by sputtering 
using indium tin oxide containing silicon oxide. The thickness of the first electrode 2202 
15 was set to be 110 nm. The area of the first electrode was set to be 2 mm x 2 mm. 
[0236] 

Next, the substrate over which the first electrode was provided was fixed to a 
substrate holder that was provided in a vacuum evaporation apparatus such that the first 
electrode was underlying the substrate. Then, the vacuum evaporation apparatus is 

20 evacuated and the pressure is reduced to about 10" 4 Pa. Subsequently, a layer 2203 
containing a composite material of the present invention was formed on the first electrode 
2202 by co-evaporation of PCzPCNl and molybdenum oxide (VI). The thickness of the 
layer 2203 containing the composite material of the present invention was set to be 50 nm. 
The PCzPCNl -molybdenum oxide (VI) mass ratio was adjusted to be 4 : 2. Further, the 

25 co-evaporation is an evaporation method by which evaporation is performed 



WO 2006/059745 PCT/JP2005/022240 

90 

simultaneously from a plurality of evaporation sources in one chamber. 
[0237] 

Next, a hole transporting layer 2204 was formed using NPB to have a thickness 
of 10 nm by evaporation with resistive heating. 
5 [0238] 

Further, a light emitting layer 2205 was formed on the hole transporting layer 
2204 to have a thickness of 40 nm by co-evaporation of Alq 3 and coumarin 6. The 
Alq3-coumarin 6 mass ratio was adjusted to be 1 : 0.01. Therefore, coumarin 6 was 
dispersed in the layer including Alq 3 . 
10 [0239] 

Subsequently, an electron transporting layer 2206 was formed on the light 
emitting layer 2205 using Alq 3 to have a thickness of 10 nm by evaporation with resistive 
heating. 
[0240] 

15 Further, a layer 2207 containing a material with a donor level that generates 

electrons was formed on the electron transporting layer 2206 to have a thickness of 10 nm 
by co-evaporation of Alq 3 and lithium. The Alq 3 -lithium mass ratio was adjusted to be 1 : 
0.01. Therefore, lithium was dispersed in the layer including Alq 3 . . 
[0241] 

20 A layer 2208 containing a composite material of the present invention was 

formed on the layer 2207 containing the material with the donor level that generates 
electrons by co-evaporation of PCzPCNl and molybdenum oxide (VI). The thickness of 
the layer 2208 containing the composite material of the present invention was set to be 20 
nm. The PCzPCNl-molybdenum oxide (VI) mass ratio was adjusted to be 4 : 2. 

25 [0242] 
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Finally, a second electrode 2209 was formed using aluminum on the layer 2208 

i 

containing the composite material of the present invention to have a thickness of 200 nm 
by evaporation with resistive heating. Thus, the light emitting element of Embodiment 
11 was manufactured. 
5 [0243] 

A luminance-voltage characteristic of the light emitting element of Embodiment 
11 is shown in FIG. 32. A current efficiency -luminance characteristic thereof is shown in 
FIG. 33. Also, a light emission spectrum upon feeding a current with 1 mA through the 
light emitting element is shown in FIG. 34. In the light emitting element of Embodiment 
10 11, the voltage required for obtaining luminance of 1,112 cd/m 2 was 6.0 V. The current 
flowing through the light emitting element in this case was 0.42 mA (the current density 
is 10.7 mA/cm 2 ). The CIE chromaticity coordinate were x = 0.30, y = 0.63. In addition, 
the current efficiency in this case was 10.4 cd/A. 
[0244] 

15 As set forth above, by manufacturing a light emitting element using a composite 

material of the present invention, the driving voltage of the light emitting element can be 
reduced. 



20 



25 



